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ABSTRACT
The work performed under this contract for the Jet Propu
developed new information in the field of automated soil
data are oriented toward providing design guidelines for
of soil samplers in unmanned planetary surface probes.
placed on the requirements for sampling the surface of
of such samplers would be to support either biological c
experimentation. The samplers tested in this program we
one or the other of these disciplines. In most cases t_
satisfy the requirements of both fields of interest with
of effectiveness.
Two engineering prototype samplers were developed at Phi
sion Laboratory
sampling. The
the application
_mphasis has been
ars. The end use
: geological
:e developed for
samplers tested
varying degrees
[co-Ford under a
preceding contract, NASw-1065. These were identified a_ a vertically
deployed conical abrading sieve sampler and a deployable _otating wire
brush samplerl One task of this program consisted of additional labora-
tory testing _f these samplers on a variety of simulated soil models, such
as sand, rubbl_, vesicular pumice, and assorted stony surfaces. Both
samplers obtaiDed samples of 20 to 30 grams in sand and gram size samples
from weak cohesive materials. The wire brush sampler will obtain a sample
from a larger _ariety of surfaces such as lichen-co_ered rock and because
of its traversing capability is presented with more favorable sampling
opportunities __[_p_rsampli_ cycle.
A_sk _a_ _es_ t_e_e--s_m_-e_s_ under field conditions which
simulated, to some extent, the projected characteristics of the Martian
surface.) J_e available nine other samplers to be included in the
field tests. The_ test effort was jointly manned by JPL and Philco-
Ford personnel during t_erations in the field. Field tests were con-
ducted in the Kelso sand dun_near Kelso, California, and at five test
sites in the vicinity of Pisgah_near Barstow, California. The
latter sites were typically a playa dry_'_a_Q_-d_ricrust, a desert pavement,
a bed of com acted _ind s and _wo _s _ l=va _ _s F _p -" er , ............ " "_I_ ._ ,_e results of
the test efforts are presented in terms of mechanical operation and sampler
acquisition performance.
iii
All of the samplers were able tO obtain a sample of dune sand of useful
sizes; i.e., tens to hundreds of grams. The field testing provided soil
models _-_-_ difficult and costly to duplicate In the la_0__
such as the playa dry lake duricrust, desert pavement, and the compacted
cinders, l_--l_t__mi_t_infaetbeimpossibleto recreate satis-
_fa_to_ly_p_£fdularly if the microbiological populations of these soils
are considered The samplers were able to sample these sites with varying
degrees of success. None of the samplers could obtain useful samples
from the lava flows. _i_formationwas obtained which will be useful
in _ointing the direction for future design requirements and suggesting
usefui sample acquisition concepts. It is apparent from this test program
that a universal all-p_rpose sampler capable of sampling all soil models
is not realistically a_hievable.
An integral P_t of the_fie_@_°est_p_se was _ biological evaluation of
acquired by the sampler____These_valuations were baaedselected samples
on viability assays _sing dilution plat_ count techniques as well as bio-
chemical assays for organic ¢arbOn_ alpha-amino nitrogen, and deoxyribose
content of the sample. The more valuableresults were obtained from the
viability assays in detecting trends which could be correlated with the
mechanical performance of the sampler, i The results of the biochemical
__were generally inconclusive. _hese tests are normally based on
homogeneous systems and _velopment i_ require_ to improve the sensitivity
these says for t_e relati*e evaluation of samplerand specif/city _ as
mechanisms.
A separate task included a literature survey and a limited analysis to
provide design information applicable to passive soil samplers. The
results indicate that, providing the mechanisms are available on Mars to
produce the requisite winds in the currently postulated atmospheric models,
passive sampler concepts can be developed which will incur very little
weight or volume penalties to the spacecraft. _us_-i_6 _ugg_sted that
._SU___ampler can be included in the payload of a planetary surface probe
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SECTIONi
INTRODUCTION
The successful acquisition of biologically and geologically useful samples
from poorly defined and undoubtedly variable planetary surfaces is a man-
datory requirement for the operation of life-seeking deep space experi-
ments. Prior to the initiation of the program described here, most of
the activity in the field of automated soil sampling devices dealt with
the design and fabrication of prototype soil samplers. The primary
objectives of this program were to test manyof these prototype soil
samplers in a rigorous range of artificial and natural soils. The results
of the tests supplied design criteria for advanced sampling systems,
emphasized deficiencies in ability to sample somelikely surface materials,
and demonstrated the importance of particle transport subsystems.
This report encompassesthe results of a program which included testing
and evaluating the performance of prototype planetary soil sampling devices
developed by and for Jet Propulsion Laboratory and by Philco-Ford Corpora-
tion, and included an analysis of factors establishing the feasibility of
passive samplers for the Martian environment. The work was performed by
the Spaceand Re-entry SystemsDivision, Newport BeachOperations, Philco-
Ford Corporation, for the Space Sciences Division, Jet Propulsion Labora-
tory. It was conducted over a period of six months under JPL Contract
No. 951935.
Because of the variety of samplers tested and the large quantity of data
acquired, the discussions in the report are organized by topics which in
turn are subdivided in terms of the individual samplers. Section 2 pre-
sents a test plan which served to outline and guide the overall testing
program. The results of the laboratory tests to which the vertically
deployed conical abrading sieve sampler (VCSsampler) and the deployable
i-i
rotating wire brush sampler (DWBsampler) were subjected are discussed in
Section 3. Section 4 covers field testing. Here the description and
operation of the individual samplers is given followed by a discussion of
the mechanical operation and the sample acquisition performance of each.
The results of the biochemical and biological assays for laboratory as
well as field tests are included in Section 5. The conclusions resulting
from the program and somerecormnendationsderived from themare presented in
Section 7. Detailed subjects such as soil model descriptions, laboratory
procedures, and soil particle size and composition analyses are treated in
a separate volume of appendices.
Another task, which is based on the results presented in this report,
remains to be performed. It is a design task to prepare preliminary designs
of eight sampler or sample processing mechanismsfrom which the configuration,
weight and physical envelope may be estimated. The results of this task will
be reported separately and will augment this report.
I.I SOIL SAMPLINGBACKGROUND
In August 1964, Philco-Ford was granted Contract No. NASw-I065for the
study of an Automated Biological Laboratory (ABL) for use in the detection
of life on Mars. This one-year study included canvassing the scientific
con_nunity to define scientific objectives, selecting a representative
complementof experiments and instrumentation on which to base a repre-
sentative design-point payload, and finally composing a program definition
and development plan. Early in the study it becameobvious that soil and
atmospheric biosamplers were key elements for providing biological materials
to most of the 35 experiments selected for the representative payload. As
a result, NASAContract NASw-1065Supplemental Agreement No. 2 was issued
to Philco-Ford for the purposes of conceiving, designing, fabricating, and
testing selected soil sampling devices suitable for Mars ABLmissions. This
program, conducted from February 1966 to February 1967, presented 32 con-
cepts to a JPL Design Review Panel which selected 4 concepts for preliminary
mechanical design. The Deployable Wire Brush (DWB)and Vertical Conical
Sieve (VCS) samplers, were fabricated and subjected to laboratory tests.
Prior to 1964 and during the course of these contracts, JPL had developed
several prototype 'tgeo-bio" samplers and, in addition, had contracted with
Litton Industries and HughesAircraft Companyto design and fabricate a
mechanical aerosol sampler and the now familiar Surveyor deployed panto-
graph scoop. As the result of these efforts, ii soil samplers had been
developed by and for JPL. Someof the devices and their attendant trans-
porting mechanismsappeared to have restricted usage whereas others were
able to samplea range of materials. A testing program to determine the
mechanical and biological collecting effectiveness of these samplers in a
broad range of natural materials was warranted.
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i . 2 PROGRAMOBJECTIVES
The objectives of the subject programwere threefold:
(1) To conduct performance evaluation tests in the
laboratory of the soil samplers developed by
Philco-Ford,
(2)
(3)
To conduct performance evaluation tests in the
field of eleven soil samplers developed by and for
the Jet Propulsion Laboratory, and
To perform a study analyzing the feasibility of
developing passive sampling devices for the
Martian environment.
The objectives of the performance evaluation tests were:
(I) Utilization of a broad range of laboratory and
natural field terrain materials.
(2) Determination of the mechanical and biological
effectiveness of the samplers in terms of the
state of the soil fraction collected relative to
the physical character and biological content of
the original laboratory models and undisturbed
natural soils.
(3) An analysis of the operational characteristics
and failure modes of each sampler.
Details of the laboratory models and natural terrain materials as well as
a specific identification of the tests undertaken are included in the Test
Plan (Section 2).
The results of the passive sampling task are given in Section 6. A
passive sampling device may be defined as a sampler intended to collect
airborne or wind-propelled material with minimum utilization of landed
spacecraft energy. The objective of the passive sampling device study
was to analyze factors present on Mars which would establish the feasi-
bility of using such devices. The analyses included:
(i) Literature search to compile information about the
particulate content of the terrestrial atmosphere
under conditions of high wind velocity as a function
of both height above ground level and velocity.
(2) Extrapolation of this information to our present
knowledge and assumptions of the Martian environment.
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SECTION2
TESTPLAN
I
I
I
i
[
I
l
The ensuing test plan served to outline and guide the overall testing
program. The test plan designated two basic tasks. The initial task was
to evaluate the mechanical performance over a range of materials and, for
one material, the biological collecting effectiveness of the prototype soil
samplers developed by Space and Re-Entry Systems Division of Philco-Ford
Corporation under controlled laboratory conditions. The second was to
conduct similar evaluation tests on both Philco-Ford developed prototype
soil samplers and specifically defined geo-bio soil sampling devices
developed by and for the Jet Propulsion Laboratory in local field terrains
having environments somewhat similar to those being proposed for the planet
M_ars. The program, as reflected in the test plan, was conducted in two
phases; laboratory testing and field testing. The test plan outlined in
detail the variables investigated by each sampler, the test materials and
conditions that were set up in the laboratory or met in the field, and the
procedures that were followed to meet the objectives of the program.
2.1 LABORATORY TEST PHASE
The specific objectives of the laboratory test phase program were the
following:
(i) To evaluate the mechanical effectiveness of the
Vertical Conical Sieve Sampler (VCS) and the
Deployable Wire Brush Sampler (DWB) as soil sampling
devices.
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(2) To evaluate the biological effectiveness (alteration
or bias of biological or biochemical content of
sample) of these samplers on an infected sand.
(3) To measure and record the operational character-
istics of the samplers.
The tests were undertaken within controlled laboratory conditions wherein
specific variables were introduced. The matrix portrayed by Table 2-1
outlines the operational and test materials variables. The test materials
were selected to exhibit a broad range of physical characteristics simu-
lating organic habitats and fossils as well as actual organically infected
materials. These materials fell into four categories:
(i) Natural hard materials exhibiting wide ranges in
surface characteristics and porosity:
Pumice
Sandstone
(2) Naturally and artificially comminuted materials
possessing a broad range in grain size:
Sand
Basalt silt
Pebble rubble
(3) Layered models, particulate over hard materials:
(4)
Varying thicknesses of sand over pumice
Granular and hard-surfaced models contaminated
with viable microorganisms, containing fragile
filaments or encrusted with organic materials.
Infected sand
Cemented sand with organic filaments
Lichen-covered basalt cobbles
Organic incrustations
Detailed descriptions of the above listed soil models utilized for
laboratory testing are included on Table 2-2. Several additional models
had originally been proposed but for valid reasons were not utilized in the
laboratory test program. These models included: pahoehoe basalt cobbles
(tested in the field), aa basalt cobbles (tested in the field), sand con-
taining fragile tests and tissues (construction of practical model imprac-
tical to achieve), cobble rubble (sampling problems identical to pebble
rubble), and low density material (vacuum chamber tests of pneumatic trans-
port system were eliminated for costs and technical reasons}.
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TABLE 2-1
LABORATORY TEST VARIABLES
Soil
Model
No.
J
VARIABLES
i
Test Materials
Nevada No. 60 sand
Basalt silt
1-2 Pumice
II Nevada No. 60 sand over pumice
ll-la
ll-lb
ll-lc
< 1 mm sand layer
5 mm sand layer
i0 mm sand layer
L
ll-ld 20 ran sand layer
111-3 Sandstone
IV-I Infected sand
IV-3
IV-4
Cemented sand with filaments
Lichen-covered basal t
-"IV'5 .... Organic incrustations
PR Pebble rubble
SAMPLERS
VCS
ME
X
X
X
BE
X
X
X
X
X
X
X
X
DWB
ME BE
X
X
X
X
X
X X
X
X
X
X
X X
X
X
X
_:ei Sampler Attitude
Vertical (90 ° )
15 ° cant (75 °)
X
20 ° cant (70 °)
it,
25 ° cant (65o) . I.X
i t
30 ° cant (60 °) ! X
Approx. parallel to soil surface I
Soil Surface Attitude
V_S
X
X
X
....... 1
DWB
Explana tion : ME - Mechanical effectiveness tests
BE - Bio-effectiveness tests
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LABORATORY TEST PHASE FACILITIES AND PROCEDURES
The laboratory tests were conducted in the Space Physics Laboratory,
Applied Research Laboratory, Aeronutronic Division, Philco-Ford Corporation.
Test bins were fabricated to contain the soil models for both samplers.
The types of bins and their dimensions are as follows:
VCS Sampler Test Bins:
(i) Metal box, 2x2xl ft, for testing all materials.
DWB Sampler Test Bins:
(I) Metal trough, ixlx8 ft for testing all materials except
contaminated sand and cemented sand with filaments.
(2) Metal box, 6x12x21 in., capable of being sterilized
and used for contaminated sand tests.
(3) Wooden trough, i/2xlx8 ft, for testing cemented sands.
The metal trough, ixlx8 ft, was supplied with an adjustable rigid
substructure for conducting sloping surface tests with the DWB sampler as
shown in Figure 3-36.
For the laboratory tests, two different procedures were followed:
(I) Mechanical effectiveness (volume and character of
collected sample).
(2) Biological effectiveness (viable organisms).
Laboratory test procedures for mechanical effectiveness tests involved
the following steps:
Step i. Set up the ambient condition test variables per the
master test plan matrix.
2. Check out sampler and accessory equipments to insure
working order.
3. Make test run and record operational data during run.
4. Liberate sample from terminal collecting chamber and
measure its weight, particle size distribution and, if
the sample is from a layered or heterogeneous material,
percentage of constituents.
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5. Examinesamplers to determine mechanical effect of
test on sampler, if any.
6. Clean sampler and proceed to next test setup.
The laboratory test procedure for biological effectiveness tests of the
infected sand model were conducted in the samemanner as outlined for the
mechanical effectiveness tests except that the samplers were decontaminated
as well as cleaned (Step 6 above). Prior to sampling, a sample of the
infected sandwas obtained and used as a standard. Both the sampler
acquired sampleand the standard samplewere subjected to viable particle
content analyses by the plate count dilution method (see Appendix C for the
detailed procedure) to determine the biological effectiveness of each
sampler. For the viable particle analysis it was estimated that 2.0 grams
of sample will be the minimumsample required.
2.2 FIELD TESTPHASE
The field test phase operations were undertaken at two localities, Kelso
Dunesand Pisgah Crater, San Bernardino County, California. These locali-
ties are identified on Figure 2-1. The test sites were selected by reason
of the following factors:
(I) Low humidity temperate desert environments.
(2) Multiple subenvironments which maybe similar to
those predicted to exist on Mars.
(3) Proximity to both the Jet Propulsion Laboratory
and Philco-Ford facilities.
The environmental characteristics existing at these localities are por-
trayed in Table 2-3. Both yearly extremes and conditions estimated to
obtain during the testing period for this program are denoted.
The field test program was conducted to evaluate the mechanical and
biological effectiveness of the following array of soil sampling devices:
(1)
*(2)
(3)
(4)
*(5)
(6)
Aerosol sampler, Litton Industries.
Abrading cylinder with open flow pneumatic
transport, JPL.
Abrading cylinder with closed flow pneumatic
transport, JPL.
Pantograph deployed backhoe scoop, Hughes Aircraft
Vertically deployed deep abrading cone sieve, JPL.
Soil auger sampler, JPL.
* These samplers added after the start of the program at the
request of JPL.
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TABLE 2-3
ENVIRONMENTAL CHARACTERISTICS OF FIELD TEST SITES
Characteristics
_G_neral Features:
Physiography
t Field Sites I
Kelso Dunes Pisgah Crater
Age
_nnual Ranges:
Low altitude
temperate desert;
giant whaleback
dune complex.
Low altitude
temperate desert
with cinder cone,
lava flows, playa
lake subenviron-
ments.
Elevation (ft above sea level) 925-2200 1900-2546
Pleistocene-Recent Recent (<I0,000 yrs)
Wind velocity (ft/sec)
nticipated Test Conditions:
i
Temperature (OF)
Temperature (OF)
|,
Atmospheric 15-105 15-105
Surface skin 20-120 15-130
0-95 0-95
Atmospheric
Surface skin
55 -85
65-100
0-50Wind velocity (ft/sec)
55-90
55-I00
0-50
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*(7)
(8)
(9)
(i0)
*(Ii)
Helical conveyor sampler, JPL.
Drag line sampler, JPL.
Vertical conical sieve sampler, Philco-Ford.
Deployable wire brush sampler, Philco-Ford.
Closed cycle vacuum cleaner sampler, JPL.
In the field, test variables cannot be controlled as in the laboratory.
Therefore, only two basic variables were introduced: (i) natural terrain
and soil materials, and (2) wind effects, either natural or artificially
induced. The natural terrains and soil materials at the field locations
included the following subenvironments:
Kelso Dunes Area:
(A) Recent traveling dune
Pisgah Crater area:
(B) Playa lake duricrust deposit
Olivine basalt flows:
(C) Pahoehoe (relatively smooth undulating surface)
(D) aa (very rough surface of jagged blocks)
(E) Compacted cinders
(F) Desert pavement
The samplers were tested for effectiveness, both mechanical and biological,
under calm conditions (less than 6 fps wind velocity). Following these
tests, mechanical effectiveness tests were conducted with winds of 50 fps
blowing on the sampler during operation.
The specific test objectives were similar to those stated for the labora-
tory test phase. However, each field test sample underwent a complete
mechanical analysis and biological assay treatment. Each field test sample
was accompanied by a carefully collected standard sample so that an effec-
tiveness gauge existed. These factors are treated in detail in later
paragraphs.
2.2.1 PRE-TEST PLANNING
Prior to the advent of actual testing in the Pisgah Crater area, several
pretesting steps were undertaken. These steps were necessitated by the
proximity of the crater and lava flows to Highway 66 and its attendant
vehicular and foot traffic. A prospecting permit was obtained from the
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Southern Pacific Company, Land Department, in order to confine tests to
Southern Pacific lands which are posted. After the permit was issued, a
series of test sites - each displaying the desired terrain listed above
was selected and areas twice as large as the maximum range of the samplers
were roped off and posted. These activities isolated the sites from human
encroachment and provided natural subenvironments.
The Kelso Dunes site was essentially isolated by reason of the presence of
a loose sand halo around the dunes.
2.2.2 FIELD TEST FACILITIES AND EQUIPMENTS
Engineering design data for each of the samplers was studied in order to
define the preferred orientation, distance from ground surface, mode and
radius of operation and other factors that determined its mounting inter-
face with the hypothetical spacecraft for which it was designed. Armed with
these data, simple but rigid mountings, were designed and fabricated. The
mountings were attached to a trailer in such a manner that:
(i) Each sampler operated in its preferred mode.
(2) Intersampler interference was avoided.
(3) The trailer was cantilevered over the isolated
test site during testing and the site thereby pre-
served from contamination.
(4) A random sampling philosophy within each subenviron-
ment was preserved despite the fact that the site
was carefully chosen so that conditions were similar
for all samplers.
In addition to the sampler mountings, the trailer also contained power
supplies and accessory equipments needed for field operations, data col-
lecting and recording and the sealed biosample storage chamber. The
trailer was locally towed by a 4-wheel drive vehicle and final positioning
was accomplished by a front-bumper-mounted trailer hitch.
In order to create wind interference of the desired magnitude (50 fps) a
squirrel-cage blower was used. The duct leading from the blower was
sectionally fabricated from sheet metal so that the entire machine was
easily transported and placed or aimed for vertical single point sampling
or for horizontally traveling samplers.
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2.2.3 FIELD TESTPROCEDURES
The multitude of subenvironments tested in the field and the desire to
maintain a randomsampling philosophy within each subenvironment created
the need for a detailed and specific test plan. Because the field tests
of these samplers becamethe major evaluation of their ability to accom-
plish their designed operations, the tests had to be conducted in an
unbiased and logical manner. And, because the samplers will be primarily
used as biosamplers, the tests emphasizedthat aspect.
Despite the fact that someof the samplers were designed for specific
purposes while others were all-purpose types, each sampler was to be
tested on each field subenvironment. Manyof the tests resulted in a com-
plete lack of sample while somewere inconclusive because of the relation
of sampler design to terrain material. This becamethe primary objective
of the field program and the objective of the ensuing test procedures.
The following procedures were utilized for each test condition on each
terrain:
Step I. Describe and photograph the previously isolated
test site.
. Position battery of clean or decontaminated and
proiected samplers on test site by projecting
cantilevered half of trailer onto protected site
a sufficient distance to insure random sampling
wholly within the isolated site.
3. Initiate soil sampling operation per the following
substeps:
So Actuate vertical mode samplers initially to
reduce possible contamination derived from the
trailer, then activate medium range and, finally,
long range samplers.
b. Confine, weigh and seal each collected sample
received by a sample collecting bin or plastic
bag within or on each sampling device.
Co Utilizing aseptic methods, collect standard
biological samples to represent the portion of
the isolated plot where the samplers were
operated (this substep is a critical exercise in
judgment; it is being assigned to the personal
responsibility of Dr. N. S. Davis).
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d. Confine and seal each standard sample.
e. During the time that each sampler is operational
record the data designated on the sample test
log illustrated by Table 2-4.
Each substep, 3a to 3e above, will be carried out
for each sampler on each terrain• These substeps
conclude the biosampling operation.
4. Clean each sampling head, particle transport tube
and collecting bin to remove all particulate material.
• Set up blower to yield a 50 fps wind at position of
each sampler, turn blower on and commence resampling
operation• Record data specified in Step 3e.
6. Retrieve, weigh and seal each sample resulting from
wind effects tests.
• Clean each sampling head, particle transport tube
and collecting bin to remove all particulate
material.
8. Decontaminate sampler by one of the three methods to
be outlined in the laboratory procedures section•
. Move battery of clean or decontaminated and
protected samplers to the next test site and
repeat steps 1 through 9 at the new site.
Each set of samples, collected and standard, from each subenvironment were
returned to the Philco-Ford Laboratory where the samples were
examined for their suitability for complete mechanical and biological
analysis. Appropriate samples were selected and subjected to these
analyses. The remaining samples were subjected to as complete a mechani-
cal analysis as could be achieved depending on the quantity of sample avail-
able. However, the samples collected under high wind velocity conditions
were only subjected to particle §ize distribution and, if necessary,
mineralogical composition analyses to evaluate the mechanical effects of
high wind velocities.
2.3 MECHANICAL AND BIOLOGICAL ANALYSES PROCEDURES
The procedures for mechanically analyzing both standard and collected
samples consisted of:
(I) Weight of sample collected•
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TABLE 2-4
TEST LO_
ADVANCED SOIL 8AMPLEG _STUDY
Test Run No.
Test Location:
Date: Conducted by:
Soil Model Description (Model No.)
A. Texture
B. Terrain Features
Soil Sampler Description (Model No.)
A. Deployment
B. Sample Acquisition
TEST VARIABLES
A. Run Duration
B. Voltage Input
C. Current Input
D. Soil Traverse Rate
E. Sampler Preload
F. Rotational Speed of Sampler
G. Depth of Penetration
H. Weight of Soil Collected
J. Particle Size Distribution
Particle Size
i0 mesh 2000_
18 I000
35 500
60 250
120 125
230 62
325 44
% Finer Collected % Finer Reference
General Description of Test
Note unusual action, failure mode, etc.
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(2) Particle size distribution analysis (see Appendix D for
detailed procedures).
(3) Mineralogical composition (see Appendix D for procedures).
A standard sample for each field terrain material was subjected to
very careful analyses per steps (2) and (3) above. This sample
became, as the nameimplies, a standard for the material within each
isolated plot. Any particle size or compositional deviation of the samples
collected by each sampler from the standard plus the actual weight of
material collected afforded a measure of the effectiveness of the
sampling device upon each terrain material. Detailed descriptions of the
grain size ranges and composition of each standard sample are shown
graphically within Appendix D for the field tests and in Appendix A for
the laboratory tests.
Test procedures for biochemical effectiveness tests were conducted in
the samemanneras outlined for the mechanical effectiveness tests. Prior
to sampling, a sample of the test objective (organic) material was
obtained and used as a standard. The standard samplewas acquired by
one of the following three methods depending upon the character of the
material:
(i) Randompits along or adjacent to the track or point to
be sampled.
(2) Scrapings of encrusted material or bulk cobbles and pebbles.
(3) Two-to five-point pattern within a homogeneousisolated
plot.
The acquired sample and the standard samplewere subjected to the fol-
lowing three biochemical tests in addition to the analytical measurements
listed on the test log:
(i) Deoxyribose analysis for DNA.
(2) Total organic and inorganic carbon.
(3) Amino acid nitrogen content.
These procedures are outlined in detail in Appendix C.
The difference betweenanalyses of the standard samples and the samples
collected by the samplers will afford a measure of their biochemical col-
lecting effectiveness.
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Finally, the most critical tests were those for biological effective-
ness. Prior to testing, a series of standard samples were obtained and
isolated. The samplers were cleaned and decontaminated by the most
applicable of the three following methods:
(I) Exposure to ethylene oxide gas.
(2) Dip sampler into a liquid solution of ethylene oxide/
propylene oxide.
(3) Mechanical cleaning followed by successively diluting
possible contaminating organisms through sampling sterile
soil or making multiple runs and discarding the material
derived from the initial run.
The acquired samples were isolated and both the standard and acquired
samples subjected to the bioanalytical procedures enumerated above and,
in addition, to the following analysis:
(i) Viable particle content (procedure outlined in detail
in Appendix C).
After these analyses had been accomplished the residue and remainder of
the acquired sample was analyzed for particle size distribution. For
analytical purposes, the amount of sample required was estimated to be as
given in Table 2-5.
TABLE 2-5
ESTIMATED SAMPLE SIZE REQUIREMENTS
_Assay or Analysis
Viable particle content
Minimum
Sample Size (grams_
2.0
i
Deoxyribose analysis for DNA 0.2
Total organic and inorganic carbon 2.0
1.0
(residue, if necessary)
Amino acid nitrogen content
Particle size distribution
Mineralogical composition (residue, if necessary)
. . _ __
Total minimum requirement 5.2
In many cases several runs were necessary to acquire this minimum sample.
some materials or soil/organic models, insufficient samples resulted from
multiple runs. These data were entered into the evaluation in order to
define the overall effectiveness of the samplers.
For
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SECTION 3
LABORATORY TE ST EVALUATION
One of the major tasks under this contract was to conduct a more detailed
evaluation of the performance of the two soil sampler engineering proto-
types developed by Philco-Ford under NASA contract NASw-1065, completed
in February 1967. The laboratory testing of the vertically deployed
abrading cone sampler is described in Section 3.1. This sampler is referred
to as the VCS sampler. The laboratory testing of the horizontally deployed
rotating wire brush sampler is described in Section 3.2. This sampler is
referred to as the DWB sampler.
The final laboratory test matrix as completed differs somewhat from that
initially proposed in the test plan. The modifications to the test plan
were made based on considerations which developed as the program was
accomplished. Some of these considerations were the result of modifica-
tions made to the sampler mechanism. Other considerations were also the
result of the phasing of the laboratory and field tests. The laboratory
testing was accomplished both before and after the field tests. Thus,
some of the laboratory tests were eliminated based on results obtained in
the field.
3.1 VCS SAMPLER
A brief description of the VCS sampler at this point will aid in following
the discussion in the following paragraphs. A photograph of this sampler
partly disassembled is shown in Figure 3-1. The major subassemblies are
identified. Minor modifications were made in the sample collection chamber
and the cutting head. These will be described in Section 3.1.2. In opera-
tion the drive motor rotates the canted feed roller assembly which drives
the sampler down the support tube. These rollers are mounted on torsion
3-I
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bars which spring load the rollers against the support tube. As load is
applied, the thrust forces acting on the rollers cause them to deflect to
small cant angles, thereby reducing the feed rate so that it is consistent
with the penetration rate of the sampler. A maximum thrust of about 15
pounds is produced by this feed mechanism. After sampling for some given
period of time or until full extension activates the return, the rotation
of the sampler drive motor is reversed. This causes the sampler to retract
up the support tube until the motor carrier hits the end closure. When
this happens the canted feed rollers continue to advance up the support
tube by virtue of a slip joint between the canted feed roller assembly and
the motor carrier assembly. This action engages a friction clutch con-
nected to a gear train with a high rotational speed output. This rotates
the sampling head at a high enough rate so that the soil sample is trans-
ferred by centrifugal action to the sample collection chamber. The low
speed gear train is connected to the drive shaft through overrunning
clutches which allow the sampling head to spin at the high rate during
the sample transfer. The sample is transferred onto a one millimeter mesh
screen and is shaken through this screen to divide the sample into a coarse
fraction and a fine fraction. The shaking action to perform the sieving
is provided by the sampler head bouncing in the support tube during the
high speed spin.
3.1.1 VCS SAMPLER TEST PROCEDURE
In order to ensure that the VCS sampler was operated in a consistent manner
from one test to the next, the procedure outlined in Table 3-1 was fol-
lowed in the laboratory test phase. During a test run the sampler was
observed and data recorded in accordance with the functional check list
given in Table 3-2. Some variations to these procedures were incor-
porated where the test results suggested that more information could be
obtained. These variations consisted primarily of the duration of the
run and removal of the sieving screen in the sample collection chamber.
These procedures were applied to complete the test matrix as shown in
Table 3-3. This matrix lists the major variables which could be con-
trolled. These are the soil model sampled, the angle at which the sampler
was deployed, and the duration of the sampling attempt. Those blocks
containing X's were the tests proposed in the test plan at the start of
the program. The actual testing accomplished is indicated by the solid
dots in each block. The total weight of sample collected is given in the
block indicating the test series run for each test configuration. Where
no weight is given, the sampler failed to obtain a sample either because
of a mechanical failure or stalling of the motor. These are indicated
by the letters MF and ST respectively. A total of 88 test runs were
initially proposed and 103 were actually accomplished, although not all
the tests proposed were completed.
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TABLE 3-1
VCS SAMPLER TEST PROCEDURE
I. Prepare soil model per Table 2-2 of the test plan.
2. For noncohesive soils smooth the surface before starting test series.
Do not smooth surface for subsequent runs in the test series.
3. Clean the conical cutter and inspect spring flaps for proper seating.
4. Set slit width between conical cutter and hood to 4 millimeters
(.156 inches).
5. Adjust support tube to desired angle.
6. Record all initial conditions.
7. Start motor and adjust voltage to 24 volts.
8. Start timing the run when the cutter makes initial contact with surface.
9. Collect soil for I minute and observe acquisition characteristics per
checklist in Table 3-2.
I0. Stop motor and determine depth of penetration below original surface
of soil.
II. Start motor and reverse to return sampler to soil dump position. As
soon as sampling head clears surface, place filter paper under head to
catch soil lost during return. Observe return characteristics per
checklist in Table 3-2.
12. Hold fresh filter paper under sampler just prior to high speed spin
to catch material lost during soil transfer.
13. Start timing at beginning of highspeed spin to determine soil transfer
time. Continue highspeed spin for 30 seconds. Observe soil transfer
characteristics per checklist in Table 3-2.
14. Retrieve soil sample from collection chamber and determine weight of
soil on top of screen and weight of soil in collection chamber.
15. Perform soil particle size distribution on sample collected if it
exceeds 5 grams. If less than 5 grams is collected per run, pool the
sample from all 5 runs to determine soil particle size distribution.
16. Observe the mechanical performance of the sampler per checklist in
Table 3-2 and record nature of malfunctions or unusual behavior.
17. Repeat procedure from step 7 until all 5 runs for a test series have
been completed.
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Those tests not completed in the laboratory testing were dropped either
because they were accomplished sufficiently in the field test phase or
were not sufficiently different from other soil models tested. The two
basalt model tests were accomplished in the field test phase while the
hardpan and cobble rubble models were essentially minor variations of the
cemented sand with filaments and the pebble rubble model, respectively.
At this point it is pertinent to point out that the first three soil
models were added to the laboratory test matrix in order to obtain cor-
relative data for the sampling head before and after the cutter configura-
tion was modified. For a detailed description of the laboratory soil models
see Appendix A.
3.1.2 VCS SAMPLER MECHANICAL PERFORMANCE
At the start of this test program the samplers were received in the condi-
tion they were in when the preceding contract terminated. As a result
of the testing accomplished in the prior effort, the support tube for the
VCS sampler showed evidence of considerable brinelling and wear on the
inner surface due to the pressure exerted by the canted feed rollers
during operation. Since many more runs were made during the testing than
would be expected for an actual mission, this type of wear is not con-
sidered to be a fundamental defect in the design but rather the result of
extraordinary operation. Material was procured and extra support tubes
were fabricated so that this component could be replaced as required in
the subsequent laboratory and field tests.
A wooden test stand was used for this sampler in the preceding contract
and did not have the capability to be used in the field or to allow for
adjusting the sampler to an attitude other than vertical. A metal test
stand for the VCS sampler was fabricated. This stand is designed to be
suitable for use in the laboratory or in the field. It is capable of
being adjusted so that the sampler can be deployed at an angle up to 60 °
with respect to a horizontal surface. It will also accommodate a sample
bin up to 2 feet in diameter which the original wooden stand would not do.
This test stand is shown in Figure 3-2 for both the vertical and canted
configurations.
The results of testing the VCS sampler in the preceding program indicated
that some improvements could be made in the cutter head for this sampler.
Two deficiencies were noted.
(I) In loose granular material such as sand, the
majority of the soil sample was lost during the
return cycle by the soil particles running out
of the inlet ports in the cutter head.
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A. VERTICAL CONFIGURATION 
B. CANNED CONFIGURATION 
FIGURE 3-2. VCS SAMPLER TEST STAND 
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(2) When sampling the hardpan model, the cutting rate
was very limited due to small areas on the surface
of the cone at the center and at the edge which had
no cutting edge. These areas tended to act as
bearing surfaces.
Changes were incorporated in this head as shown in Figure 3-3. Two small
blades were added at the edge of the cone to provide cutting action at
the outer edge. These blades were installed with an overhang as noted
to ensure that adequate clearance for the abrading cone was achieved for
sampling in cohesive soil. A fixed tip at the center was fabricated to
provide cutting action needed at the inner edge of the existing blades.
The sample inlet slots were widened to a uniform width and were covered
with two Be/Cu spring flaps riveted to the inside of the cone. The
addition of the flaps is intended to close the inlets during the sampler
return to minimize the loss of loose granular material during the retract
cycle.
Before starting the laboratory tests, some preliminary runs were made to
assess the operation of the sample collection chamber. Two character-
istics were noted which indicated that the existing collection chamber
could not be used effectively in the testing.
(I) The slope of the surfaces of the screen and chamber
were not steep enough to cause the soil to be
delivered out of the sample delivery ports.
(2) The screen and collection chamber were a welded
assembly which precluded proper cleaning between
runs.
A replacement collection chamber was fabricated out of plastic as shown
in Figure 3-4. A transparent plastic was chosen so that visual observa-
tion of the characteristics of the sample transfer could be made. The
sieving screen was fabricated as a separate piece so that it could be
easily removed for cleaning. It was also possible to retrieve material
that did not pass through the screen in order to make quantitative mea-
surements of the weight passing through the screen and that which did
not. It was discovered in the sampling runs in basaltic silt that this
configuration was still deficient in that the screen is installed flush
with the upper edge of the inner wall of the annular collection chamber.
This causes excess soil sample to be lost when sieving progresses slowly
such as occurs in the basaltic silt due to the sample bridging across the
screen mesh. A more detailed discussion of this is given in the next
section on sample acquisition performance.
The laboratory test phase of this sampler was completed partly before
the field test phase and partly after. A total of 57 runs were completed
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before the field testing started and the remaining 46 runs were completed
after returning from the field. A torsion bar failure on run 57 neces-
sitated repair on this sampler. Whenthis repair was made, a new tip
cutter and support tube were also installed. Thus, this sampler went
into the field in good condition.
The mechanical malfunctions which were observed for this sampler are
summarizedin Table 3-4. Most of these are fairly self-explanatory;
however, somepoints deserve more detailed explanation.
No cause for the premature spin-dumps was ascertained. These occurred on
the second and third runs in the test series and did not occur again. It
is possible that someirregularity in the support tube impeded the tra-
verse of the motor carriage up the tube causing the high speed spin
clutch to engageprematurely as the feed rollers advanced the drive
mechanism. The failure to achieve a satisfactory spin dumpoccurred late
in the test series and is probably due to either clutch face wear or weak
clutch engagementforces. It was noted that in somecases a high speed
spin would start but as soon as the cutter head vibration began the rota-
tional speeddropped. The characteristics of the vibration becamea
constant high frequency chatter rather than the randomrelatively low
frequency intermittent vibration that had been occurring more normally.
Whenthis occurs more sample is lost by fall out during the spin dump
transfer due to reduced centrifugal force acting on the sample particles.
Somereduction in this effect was achieved by facing one of the friction
clutch faces with .060 thick Armstrong cork composition NC-733. Gener-
ally, it appears that a moredetailed design of this clutch is required
to obtain a completely reliable spin dumpoperation.
The torsion bar failure occurred after 2.5 hours of sampler operation
and also after somerather severe lateral deflections of the drive shaft.
These lateral deflections cause an obvious increase in load on the drive
motor whenthey exceed a displacement of the head from the theoretical
centerline of the s_npler by 2 inches or more. This load increase is
probably caused by the end momentapplied to the drive mechanismpro-
ducing binding in the gear train. In fact, almost all stalls that were
observed occurred in this manner. This lateral deflection also produces
unsymmetrical loads on the canted feed rollers. The torsion bars sup-
porting these rollers are highly stressed componentsunder the symmetrical
loading condition. Since the failure occurred after manysampling runs
with the sampler axis at an angle to the surface being sampled and the
location of the failure was in a sharp fillet radius, it is probable that
the failure was the result of fatigue and increased stresses due to
unsymmetrical loading of the feed mechanism. New torsion bars were
fabricated with a more generous fillet radius and no further failures of
this type were encountered in the program.
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The spring flaps covering the inlet ports tend to pick up particles under-
neath them which prevents complete closure; however, in no case did this cause
failure to acquire a sample and in fact did not appear to cause a significant
degradation in the quantity collected. Subsequent removal of these particles
allowed the flaps to return to their initial position indicating that no
permanent deformation occurred. A more satisfactory design would likely be
to increase the opening size or decrease the flap width so that none of the
conical surface lies beneath the movable portion of the spring flap. That
is, the flap attach point should be at the edge of the sample inlet port
openings. With this arrangement particles can no longer be trapped as
readily beneath the flaps; however, they would probably be more susceptible
to permanent deformation or bending.
During the course of the laboratory testing, a total dig time of approxi-
mately 2 hours was accrued. Allowing for deployment, retraction, and the
spin dump cycle, a total operation time of 3 to 4 hours was accrued with
this sampler. A general assessment of the mechanical performance of the
VCS sampler is that it performed fairly reliably for an engineering proto-
type model. Considerable refinement in the design and fabrication methods
can be made; however, the fundamental soundness of this mechanism has been
established.
3.1.3 VCS SAMPLER ACQUISITION PERFORMANCE
The mechanical operation of this sampler was discussed in the preceding
section. This section will review the performance of this sampler in terms
of acquiring a sample. The primary parameters to be evaluated are the
amount of sample collected, the rate at which it is collected, and the
alteration endured by the sample. These parameters are examined in terms
of various soil models to determine the range of usefulness of the particular
sampling mechanism. It is pertinent at this point to review the design
criteria used in the design and development of this sampler.
(I) The primary purpose of this sampler is to collect a suitable
sample for biological analysis.
(2) The sampler is essentially a surface sampler with no capability
to drill rock.
(3) A sample size in the order of grams was desired. One to ten
grams were considered to meet this criteria.
(4) Particle size of the sample should be below one millimeter in
diameter.
(5) Heat degradation of the sample should not occur.
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(6) Sample contamination by the sampling mechanism should not
OCCUr .
(7) Adverse sorting of biological material should not occur; i.e.,
organisms should not be destroyed or organic material prefer-
entially rejected.
A portion of the laboratory testing was intended to evaluate the last
three criteria. For this purpose sampling runs in a sand infected with
a known type and quantity of bacterium were proposed. These results are
discussed in Section 5.0, Biological Effectiveness Evaluation. The re-
mainder of this section is then confined to a discussion of the mechanism
of sample acquisition in terms of physical effects.
As was pointed out previously, the initial runs made in sand and basaltic
silt were added to obtain data for the modified sampling head which could
be compared to the data obtained in the preceding contract under which the
samplers were developed. The results of these tests in terms of the
quantity of soil collected per one minute run are shown graphically in
Figure 3-5. The shaded areas for sand and silt indicate the range of
values obtained with the original unmodified cutter configuration deployed
vertically to the surface. The letters A, B, C, etc., designate the se-
quence of one minute runs made in any given test series. It is seen that
for vertical deployment (0 = 0°), the modified cutter head did result in
a large improvement in the amount of sand collected; however, it appeared
to cause a degradation in the amount of silt collected.
This apparent result is caused by the configuration of the sample collec-
tion cup and sieving screen incorporated in the cup rather than the modi-
fication of the sampling head. The sieving screen is located in the
collection cup such that the plane of the screen is flush with the top
edge of the inner wall of the annular collection cup. When the soil is
transferred it rests on top of the screen and is shaken through the
screen by the vibration caused by the sampling head rotating and bouncing
against the support tube wall. In the case of the basaltic silt, compac-
tion occurs and the silt bridges across the mesh openings of the screen.
Continued vibration then causes silt to run off the inner edge of the
annular screen and drop out of the sampler. The sample lost in this
manner was collected and weighed. If this is added to the amount below
the screen and remaining on top of the screen, the points plotted in
Figure 3-5 as crosses indicate that the sample acquisition is consistent
with earlier results and also with the results obtained at deployment
angles of 15 and 30 degrees from the vertical. At the higher deployment
angles less material was lost this way since the sample tended to pile
against the outer wall of the collection chamber on the down slope side.
This type of sample loss could be eliminated by locating the screen below
the top edge of the inner wall of the collection chamber.
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Another curious result was observed. The sample acquisition for sand and
pumice is degradedas the deployment angle increases. This result is to
be expected; however, the trend exhibited by the basaltic silt was an
improvement in sampling efficiency with increased deployment angles.
Apparently someof the sample is also acquired through the annular exit
slit located at the circumference of the sampling cutter. The amount of
sample ingested in this manner can be expected to increase when sampling
at an angle since side thrusts increase under this condition. In the
case of sand, the noncohesive nature of the particles allows the excess
sample to run out of the exit slit during retraction. In the case of
silt, the cohesive nature of the fine powder causes compaction at the exit
slit thereby preventing loss of the excess sample during retraction. It
should be noted that this acquisition of samples through the exit slit has
probably been enhanced by the removal of the closing partition at the base
of the shroud which formed l_he chamber housing the loose weight to cause
dynamic unbalance during the high speed spin. This loose weight was in-
tended to encourage vibration by causing the sampler head to bounce off
the tube walls. It was found that removal of this weight did not materially
affect the vibration characteristics of the sampler. Thus, the removal of
the closing partition not only increases the available volume for collected
samples but provides a cutting edge of sorts which is more effective when
sampling at angles off the vertical.
The characteristics of sampling in sand are illustrated in the photographs
shown in Figure 3-6. These are a sequence of photographs taken in two
successive sampling runs. Photograph 4 shows the sampler just as it begins
to retract or move out of the sand while photograph 6 shows it just as the
exit slit clears the surface. In observing this action it was noted that
most of the excess sand that was ingested has run out of the exit slit
as quickly as the sampling head is withdrawn from the sand. Generally
speaking, the observable characteristics of sampling in sand and basaltic
silt are very similar in the penetration behavior, depth of penetration,
and the initial retraction behavior. It is only during transport and
sieving operations that differences are noted. These differences are
directly attributable to the cohesive nature of the silt and the nonco-
hesive nature of the sand.
Referring again to Figure 3-5, it can be seen that the size of sample
collected from the vesicular pumice block is considerably smaller than
for either sand or silt. This was expected due to the structural integrity
and strength of the pumice. The degrading effect on sampling efficiency
due to increased deployment angle is more pronounced for pumice. At a
deployment angle of 30 degrees from the vertical no sample was acquired.
The limiting deployment angle with which successful sample acquisition is
made is 20 degrees from the vertical. Since the pumice is rigid, initial
penetration is more difficult and the sampling head tends to walk or skid
along the surface until the shaft has deflected over to the wall of the
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support tube. At the larger angles the lateral force is great enough to
produce sufficient binding and load on the drive mechanismto cause the
sampler to stall. At deployment angles of less than 20 degrees this same
action occurs but no stalling has yet been noted. Typical sampling on
pumice with the VCSsampler is shownin Figure 3-7. Photograph I shows
a typical vertical deployment while photograph 2 showsa deployment at a
15 degree angle. Photograph 3 shows the typical penetrations achieved at
angles of O, 15, and 30 degrees from the vertical. While a sample is not
acquired at 30 degrees, the pumice is abraded and the effect of the
lateral skidding can be seen in the lower part of photograph 3.
It should be noted that the collected sample indicated in Figure 3-5 is
the total sample delivered to the collection chamberduring the high speed
spin dump. In the case of sand and pumice this also represents the soil
which passed through the i millimeter screen in the collection chamber.
In the case of silt, bridging occurs soon after the soil is transferred
from the sampling head and part of the sampleremains on top of the screen.
Except for the silt, which consists of particles equal to or less than
44 microns in diameter, the collected sampleswere run through a set of
sieves to determine the particle size distribution. The distribution
obtained for the Nevada60 sand is shownin Figure 3-8. The solid line
is the distribution obtained from a hand collected sample. No bias or
changes in the particle size distribution were noted. Figure 3-9 gives
the particle size distributions obtained for samples collected from pumice.
Since the size of the samples were so small, the samples collected from
each one minute run of a particular series of five runs were pooled to
make this determination. It should be pointed out that a straight line on
probability graph paper represents a normal or Gaussian distribution and
that the slope of the line is the standard deviation. It is interesting
to note that the particle size distribution obtained with the pumice
sample is essentially a normal distribution with a meangrain size of
160 to 240 microns.
Another characteristic of the VCSsampler that was observed was depth of
penetration. In sand and silt the characteristic depth of penetrations
were essentially the sameas shownin Table 3-5.
TABLE3-5
PENETRATIONCHARACTERISTICSOFVCSSAMPLERIN SANDANDSILT
Penetration Depth (Inches)*
"0" I 0° I 15° I 30°
Silt............i 3.1 3.0 3.0
*one minute run
!
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1. SAMPLING AT VERTICAL DEPLOYMENT 
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3 .  TYPICAL PENETRATIONS IN PUMICE 
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Based on visual observations, the sampler penetrated rather rapidly during
the initial contact. Penetration rate decreased as the total depth in-
creased and in every case seemed to be approaching a zero penetration rate
asymptotically with time. The one minute run was sufficiently long so
that a close approach to a zero penetration rate was achieved and the
maximum depth reached was about 3 inches. The penetration rate for pumice
is shown in Figure 3-10. The penetration is greater at first and then
rapidly approaches a constant rate after the first 2 or 3 minutes of run
time. In this case the decrease in penetration rate can be correlated
with the width of cut being made. A constant penetration rate is achieved
as soon as the cutter is cutting across its entire diameter. On the
other hand the penetration rate in sand and silt is a soil pressure or
compaction phenomena. When the pressure acting on the cutter reaches a
level equal to the axial thrust of the sampler further advance becomes
very slow.
Twenty-eight test runs were made on the four sand over pumice models.
Each series of runs on each model varied the digging time from I0 seconds
to 90 seconds. Recording of the digging time was started when the
sampling head tip made its initial_contact with the soil surface. The
total depth of penetration from the original surface and the total weight
of sample collected were measured. The depth of penetration for the four
soil model variations are given in Figure 3-11 in a normalized form.
The depth plotted is the total penetration achieved from which the depth
of sand overlay has been subtracted. The relatively tight grouping of
points indicates that the sand layer is quickly penetrated. Comparing
this data with that previously obtained in pumice only, as shown by the
solid line, it is seen that the penetration rate is essentially that
achieved in the pumice which correlates well with previous data.
Figure 3-12 shows the total quantity of sample collected as a function of
digging time. As can be expected, the size of the sample collected in-
creases toward a maximum with time and also as the thickness of the sand
overlay increases. The two vertical bars represent the average value of
data obtained previously for sampling in sand only and in pumice only.
For the soil model with less than one millimeter sand overlay, the sample
size correlates well with that obtained in pumice only. When the sand
layer exceeds one centimeter, the sample size exceeds that obtained in
sand only. This apparent anomaly can probably be best explained by the
character of the pumice particles. These particles are very sharp and
angular when viewed under a microscope which makes them more cohesive
than the rounded granular sand grains. At termination of the sampling
run, the cutter head is working primarily on the pumice. Thus, the
sample at the openings through which the sand might tend to flow contains
a high percentage of pumice fragments. This mixture of sand and pumice
is more likely to compact and bridge over the openings thereby reducing
or preventing loss of sample during the retraction cycle. Loss of sample
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through the lower openings has been observed for the pure sand but has not
been observed for any of the other soil models. It should be pointed out
that the weight of sand sample collected in one minute is very consistant
over a fairly representative numberof runs. For example, the rms value
over six runs is 18.3 gramswith a maximumdeviation of plus .8 grams and
minus 1.3 grams. Thus, the increase in sample size for soil models ll-lc
and ll-ld over that for sand is a real effect indicating more efficient
sampling when thin layers of sand over a cohesive material are encountered.
The samples collected in the sand over pumice soil models were sieved to
determine the soil particle size distribution so they could be compared
to the distribution obtained for Nevada60 sand and that obtained when
sampling pumice only. These results are plotted in Figures 3-13 through
3-16 as particle size summationcurves. For sand overlays greater than
one centimeter, the distribution is essentially that of Nevada60 sand
indicating that the dominant percentage of the sample is sand. For the
case of less than one millimeter sand overlay, the test points fall almost
completely between the distribution of sand only and sampling in pumice
only indicating a mixture of sand and pumice in which neither dominates.
For soil model II l-b, 5 millimeters of sand overlay, the distribution
grouped around the meangrain size has approached that of sand while the
upper and lower ends have a slope like that for sampling in pumice.
Thus, the sample is beginning to look more like sand, but the amount of
pumice collected is still large enough to showup in the particle size
distribution.
Of the remaining soil models, the VCSsampler was successful in acquiring
a useable sample from the sandstone, the cementedsand with filamentary
material, and the pebble rubble. The particle size summationcurves for
the samples acquired from these three soil models are given in Figures 3-17
through 3-19.
It is interesting to note that the sandstone was broken downinto a
particle size distribution very muchlike the Nevada60 sand except that
a higher percentage of fine material below I00 microns is contained in the
sample. The source of these fines is probably the silt and clay material
which acts as a binder to cement the sand grains into a coherent mass. A
similar distribution is noted for soil model IV-3, an artificilly prepared
mixture of sand, quartz flour, and portland cement loaded with filaments
of sphagnummoss. The larger size of the coarse particles is probably due
to incomplete breakdown of the cementedparticles by the abrading head and
the tendency of the filamentary fragments to hold the particles together.
The pebble rubble distribution indicates a tendency to cut off or reject
particles approaching 4 millimeters in size. This is to be expected since
the exit slit of the sampling headwas set at 4 millimeters. It should
be pointed out that all of the laboratory test runs except for the sand
and basaltic silt were madewithout the sieving screen in the collection
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chamber. In almost all cases, the samples produced contained most of the
particles in sizes below one millimeter. This indicates that this sampler
mechanismcould meet the design criteria of producing a sample with
particles below one millimeter in diameter without the aid of the sieving
screen. The width of the sample exit slit could be adjusted so that
larger particles are not transferred to the collection chamber. The
elimination of the sieving screen would reduce the possibility of rejecting
part of the sample by entrapment above the screen although narrowing the
exit slit will increase the probability of entrapment of large particles
in the sampling head. In no case during the laboratory testing of this
sampler did the sample fail to transfer from the sampling head to the
collection chamberwithin a few seconds after starting the spin dumpmode
provided the full spin rate was achieved. This was true even when soil
was compactedat the exit slit as occurred with the basaltic silt. Thus,
it is reasonable to expect that adequate transfer can be achieved with a
slit opening of 2 millimeters. An opening of this size would limit the
particle size to a maximumof substantially one millimeter while elimin-
ating the sieving screen thereby improving the reliability of the soil
transfer to the collection chamber.
There are definite types of soil models on which the VCSsampler does not
acquire a sample, except by chance. These are essentially the solid rock
models such as the basalts with or without lichen growths or marine encrus-
rations. A bit of sample was acquired on soil model IV-4 (liche n covered
basalt); however, this is not considered to be a typical result. In this case
the tip cutter had stabilized the sampling head so that it rotated in one
position while the overhanging edge cutter struck an adjacent stone dis-
lodging a fragment which probably entered through the side exit slit at
the circumference of the sampling head. It is not likely to have entered
through the entrance slots since they were riding above the surface of
the soil model and were closed by virtue of the spring flaps. There were
basically two modeswhich defeated the sample acquisition in the hard
rock models. The first has already been described in which the tip cutter
itself and the sampling head cutters rotate above the surface. The
second occurs when an irregular surface is encountered in which the tip
cutter fails to stabilize the sampling head at one spot. In this mode
the sampling head encounters the surface at somepoint other than the tip.
Whenthis happens the sampling headwalks laterally deflecting the drive
shaft. The lateral walking will generally proceed until the deflections
becomegreat enough to load the drive motor sufficiently to cause a stall.
In general, it may be concluded that a completely different sampling head
design will be required for this sampler in order to obtain samples off
of irregular rock surfaces.
The sample collection characteristics for the VCS sampler are summarized
in the curves shown in Figures 3-20 for those laboratory soil models which
were successfully sampled. It is of interest to note that for the more
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cohesive soil models sample acquisition increases continuously with time.
The amount collected can be roughly correlated with the strength of the
cohesive soil being sampled. The cemented sand loaded with filamentary
material is bonded with a weak mixture of portland cement and probably
corresponds more nearly to the strength characteristics of soft rock.
This soil model represents a borderline case as defined in the initial
design criteria; however, it has been shown that a useable size sample
can be acquired in a reasonable length of time. The sandstone used in
these tests was a weakly cemented material which readily broke down into
granular particles resembling sand in their distribution.
It was very interesting to note that the results of sampling in sand in
the field correlated with the results obtained in the laboratory remarkably
well. The rms value for 6 runs of 60 seconds duration made in Nevada
60 sand in the laboratory are shown as the large circle with a cross in
the center which is seen to fall very close to two points obtained in the
field. All the data points shown in these curves are actual experimental
points indicating that reasonably consistent results were achieved. The
sampling curve obtained in the Kelso dune sand again bears out the fact
pointed out earlier in this section that sampling a thin sand overlay on
a cohesive base is more efficient than sampling in deep sand. The
acquisition characteristics for the sand or sand overlay differs from the
cohesive materials in that fairly large samples are rapidly acquired and
the total sample acquired asymptotically approaches some maximum value with
increased digging time. Thus, if it is desired to operate this sampler
with a fixed preprogrammed sequence, a digging time of two minutes would
be adequate to collect a useable sample in all the soil models that can
be sampled by this sampler.
Finally, the sample acquisition characteristics in the pebble rubble soil
model are anomalous enough to warrant some additional discussion. The
data as presented has considerable scatter from which no precise trend
can be deduced except that very large samples were acquired rather quickly.
This large sample can be partly explained by the compacting action of the
silt size component of this soil model in preventing sample loss during
the retraction and spin dump phase of the operation; however, the size
sample acquired is so much larger that some mechanism aiding acquisition
must occur because of the silt size component. More intensive testing
would be required to assess the exact nature and magnitude of sample
acquisition in this soil model. It should be pointed out that the very
nature of the composition of this soil model will be prone to produce very
erratic sampling results. In fact, several of the runs in the pebble
rubble model resulted in mechanical stalls due to lateral walking of the
sampling head around the large pieces of gravel distributed throughout
the model. In no case did these stalls prevent successful retraction and
sample delivery by reversing the polarity of the applied power to the
drive motor. Thus, it was shown that this soil model can be successfully
3-37
sampled in a short period of time by the VCS sampler, but the amount of
sample can not be accurately predicted except to the extent that sampling
efficiency is at least equivalent to or better than sampling in any of
the other models.
3.2 DWB SAMPLER
As in the case of the VCS sampler, a brief description of this sampler is
first presented to aid in following the discussion which is given in this
section. The complete engineering prototype DWB sampler is shown deployed
in the photograph in Figure 3-21. A more detailed breakdown of the various
components is shown in the configuration drawing in Figure 3-22. The
essential parts of this sampler consist of the sampling head assembly,
the telescoping deployment boom, and the boom extension control gearbox
assembly. In operation the boom is elevated to a vertical position and
extended to its full length. As developed at the end of the preceding
contract, the extension was to be accomplished by closing a valve at each
end of the boom and then pressurizing the boom with gaseous nitrogen.
The rate of extension is controlled by the rate at which the extension
control tapes are deployed by the extension and elevation drive motor.
After complete extension the sampler is lowered to the surface and the
boom is retracted slowly by the extension control tapes. The sequence
controlling elevation, extension, and valve operation was achieved through
slip clutches, over-running clutches, and by reversing the direction of
rotation of the sampling head and extension drive motors. The sample
acquisition is accomplished in two modes by this sample_ referred to,
respectivel_ as pneumatic and mechanical.
In the pneumatic mode, the smaller lighter soil particles are transported
in an airflow induced through the wire brush shroud and the inside of the
telescoping boom to a cyclone collector mounted on the boom support struc-
ture. The airflow is induced by two vaneaxial blowers, one mounted at
the sampling head and one mounted at the exit to the cyclone collector.
The heavier particles are collected mechanically in a cavity provided in
the wire brush shroud. After the sampler traverse over the surface has
been completed, the boom is again erected to a vertical position which
allows the soil sample to fall down the boom into a collection cup due to
the acceleration of gravity.
The pneumatic snubber system indicated in Figure 3-22 was incorporated
to reduce the load on the elevation gear train during deployment and also
to allow some control of the normal force acting on the wire brush sampling
head while it is sampling.
3.2.1 DWB SAMPLER TEST PROCEDURES
A step by step procedure was also drawn up for this sampler to ensure
that it was operated in a consistent manner during the laboratory testing.
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This procedure is outlined fn Table 3-6. During the test runs the sampler
was operated according to this procedure and the operation observed and
data recorded in accordance with the functional check list given in
Table 3-7. The test matrix as given in Table 3-8 was completed in the
laboratory test phase for this sampler. This matrix lists the major
variables that it was felt desirable to investigate. These variables are
the soil model, the slope of the surface being sampled, the atmospheric
composition, and the atmospheric pressure. The latter two variables were
dictated by the pneumatic transport mode of soil collection. Those blocks
containing X's were the tests proposed for this sampler at the beginning
of the program. The actual testing performed is indicated by the solid
dots superimposed in the blocks of the matrix. The weights of the sample
collected on each test run are given in the right hand column. These
are broken down into three subsamples, a, b, and c, depending on the mode
of collection used. The letters ST indicate a stalled brush and the
letters DG indicate that the sampler was modified to delete that par-
ticular mode of sample collection. The sum of the subsample weights is the
total sample collected on any given run.
A total of 19 test runs were planned and 19 were completed. All the
planned runs were not completed while repeat runs on others were made
in the interest of obtaining more useful data. This sample_ as conceived
and developed, is a more complex mechanism than the VCS sampler and the
problems involved with testing can be divided into those associated with
the sampling head, the sample transport mode, and the deployment mechanism.
As a result a considerable amount of mechanical and functional testing
was accomplished of necessity in order to provide the capability for the
mechanism to perform a useful sampling attempt on the various soil models.
For a detailed description of the laboratory soil models see Appendix A.
3.2.2 DWB SAMPLER I_CHANICAL_PERFORMANCE
Extensive testing of this engineering sampler prototype was not performed
in the preceding contract. The sample acquisition feasibility by means
of a rotating wire brush had been demonstrated through extensive testing
using a breadboard model mounted on a rigid boom. The testing or opera-
tion of the engineering prototype model was confined to functional check-
out of the mechanism. As a result certain functional deficiencies existed
in this mechanism which had not been completely evaluated. To review,
these problems consisted of two basic types. The pneumatic system to be
used during deployment of the boom did not function properly due to
excessive air leaks. The other problem was electrical in nature as
evidenced by the lack of power at the sampling head. Also, a short
circuit in the wiring occurred at the gearbox which appeared to be asso-
ciated with the deployment control tapes inside the gearbox.
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TABLE 3-6
DWB SAMPLER TEST PROCEDURE
i. Prepare soil model per Table 2-2 of the test plan_
2. For noncohesive soils smooth surface to proper depth before each
test run.
3. Adjust slope of sample bin to desired angle.
4. Clean gravity dump collection cup.
5. Clean cyclone collector and sample cup.
6. Extend boom to full length with manual assist.
7. Pressurize snubbers to I00 psi.
8. Place extend/retract switch in retract position.
9. Hold sampler off of soil surface and turn on power. Adjust voltage
to 28 volts.
i0. Lower sampler to surface and start timing the run.
II. Observe and record current during run.
12.
13.
14.
15.
16.
17.
18.
Visually observe soil collection in sampler head. Note time required
to fill chamber.
When boom reaches six-foot extension begin reducing snubber pressures.
Follow pressure profile for half pound normal force given in Figure3-_.
Observe the mechanical performance.
Turn off power when retraction is complete.
Remove cyclone collector sample cup and weigh sample.
Clean cup and reinstall on cyclone collector.
Place extend/retract switch in extend position and bring sampler to
erect position. Allow boom to extend I to 2 feet.
Place extend/retract switch in retract position and wait about
i0 seconds.
Retrieve sample from gravity dump collection cup and weigh.
Retrieve sample from cyclone collector sample cup and weigh.
Record data and observations for the test run.
19.
21.
22.
23.
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On disassembly of the DWB Sampler, the following deficiencies were noted:
(1) One of the deployment control tapes, which also serve
as conductors to provide electrical power to the samp-
ling head_ had not been properly connected. Only one
tape was connected to the insulating collar by the
attach pin. The other pin was in place; however, the
tape was not connected. Since the loop at the end of
the tape through which the pin passes was still intact,
the conclusion is that the pin was not passed through
the loop during assembly. As a consequence, the dis-
connected tape was not deployed off the tape drum
properly. It was broken and folded filling the space
between the tape take-up drum and the gearbox housing,
thereby causing the short circuit which had been noted.
(2) Inspection of the tapes revealed that the insulating
coating had begun to peel off in various spots along
the tape. A better coating will be required for the
replacement tapes.
(3) The inside of the sampling head shroud or hood con-
tained some soil which had been collected during
operation at JPL. Soil particles were found adhering
to the internal surfaces due to a thin film of oil on
these surfaces. Thorough cleaning and degreasing
prior to final assembly is indicated as being neces-
sary for all parts of the sampler exposed to soil
particles.
In order to assess the relative magnitude of the pneumatic leaks, the
various components were individually pressure tested. These tests were
conducted by setting the supply pressure regulator to a predetermined
value with no leakage. The supply line is then connected to the com-
ponent being checked and any pressure drop that occurs is noted. Ex-
cessive leakage through the holes provided for the motor wires on the
sampling head was observed. These holes were sealed. The valve itself
did not appear to leak too badly. A pressure drop of a quarter of a
pound per square inch at a nominal pressure of 15 psi was noted. The ends
of the boom telescoping segments were sealed and pressure was applied. A
pressure drop of one psi was noted at a nominal pressure of 20 psi. A
similar pressure drop was observed for the valve located in the gearbox.
Thus, it appears that the leaks in both the boom and gearbox valve should
be reduced in order to achieve a low flow rate for the pressurizing gas.
This is not essential to the pursuit of the laboratory testing but would
be a very critical requirement for flight qualified hardware.
3 -45
A sample two segment tube was modified to incorporate an "0" ring seal
as shown in Figure 3-23.
SEAL ADAPTER RING
÷
l_llllll I iii iiii i I Ii i ii
_iiiIiIii ,11111
"0" RING SEAL CONFIGURATION
FIGURE 3-23 "0" RING TEST SEAL CONFIGURATION
This seal was tested by pressurizing to some value and then turning off
the supply air. The pressure decayed from 20 psi to about 8 psi in ten
minutes as shown in Figure 3-24.
A considerable increase in the force required to extend the tube segment
was observed after installing the "0" ring seal. A pressure of 15 psi
was required to initiate movement; however, extension was rapidly completed
once movement had been initiated. This seal appears to be satisfactory
for reducing the leaks in the telescoping boom segments. Because of the
difficulty of disassembling the telescoping tube segments, this rework
was deferred until the other reworks had been accomplished in order to
determine whether or not it would contribute substantially to the testing
of this sampler.
In the course of checking the telescoping boom segments for leakage, it
was discovered that a bind was developing between the fourth and fifth
tube segments counting from the gearbox end. On closer inspection it was
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noted that the pins which run in the keyways to prevent rotation of the
tube segments with respect to each other had fallen out and that the ends
of the slots had brinelled. This was undoubtedly caused by impacting the
pin against the end of the slot with too rapid a manual extension during
handling of the tube segments when the tapes are disconnected. There was
evidence that metal fragments had caused some scoring of the inner wall
of the fourth tube segment. The inside of this tube segment was burnished
with a very fine hone to remove the rough edges of the score marks. A
free running fit was restored without appreciably affecting the coated
surface inside the tube segment. The ends of the slots were extended
slightly to remove the brinelled material and restore the slot to its
initial condition and new keyway pins were installed.
The following reworks were incorporated in the DWB sampler mechanisms.
The pneumatic snubbers were reworked to incorporate an O-ring seal to
reduce leakage and new pneumatic fittings were fabricated using larger
tubing to provide a better flow rate into the boom. Two new sets of
Be/Cu extension control tapes were fabricated and coated with Formvar
magnet wire enamel. The coating was sprayed on rather than brushed on
as was previously done. The coating achieved is much smoother and more
uniform in thickness. Also, the edges appear to be coated better. A
resistance check indicated that the edges were not electrically open as
was the case with the original tapes. Electrical continuity to the
sampling head drive motor was restored with these tapes.
After these reworks were incorporated the sampler was assembled and a
functional check of the electromechanical components was made.
Some additional problems arose in the process of checking the DWB sampler
system. These consisted of two types. One was the power limitation of
the electric motor that drives the extension control gearbox during the
high speed extension mode of operation. The slippage required in the
retraction drive clutch caused erratic operation of the motor with a
pronounced tendency to stall. To eliminate this problem the high speed
extension was omitted by removing the overrunning clutch in the high speed
extension gear train. The extension rate is then controlled by the
spiroid gear used to retract the boom and smoother operation was achieved,
although at the expense of increased time to deploy the boom. From a
design viewpoint, the use of two gear trains driving against each other
through a slip clutch proves to be an unsatisfactory approach. If the
slip clutch is adjusted to slip properly when the high speed gear train
is engaged through an overrunning clutch, then excessive slippage occurs
too easily when the low speed gear train is driving the tapes to retract
the boom. A re-examination of the necessity for a criteria dictating a
high speed extension was made. In terms of a prospective mission for
this sampler, the increased complexity andreduced reliability is not
justified in order to achieve a high extension rate for the boom.
3-48
A second problem encountered was the siezing of the brass bushing on the
shaft of the idler gear to the pneumatic control valve in the gearbox.
Ball bearings were installed to eliminate this problem. Siezing also
occurred in the drive clutch to the pneumatic control valve located in
the wire brush sampling head assembly. This was also a case of galling
and siezing between a brass and stainless steel part. A ceramic loaded
teflon bushing was installed to eliminate this problem.
After these modifications were incorporated an attempt to extend the boom
using air pressure in the boom was made. A pneumatic extension was com-
pleted; however, the leakage was still large. An inlet pressure of 80 psi
through a .12 diameter tube was required to establish a pressure of i0
psi within the boom. Although pneumatic extension of the boom was demon-
strated, the operation appeared to be marginal. It was decided to pro-
ceed with the testing using a manual extension of the boom by pulling on
the end of the boom externally. Because of the precision parts required
in the components of a pneumatic system, the conclusion was reached that
a mechanical extension as well as retraction of the boom is the proper
design approach for deploying this sampler. The improved seals in the
snubber cylinders also reduced the leakage to a very small value. No
further problems with the snubber system pneumatics was encountered.
The breadboard investigations conducted in the previous contract indicated
an optimum normal force on the wire brush head of one pound or less. Since
the weight of the wire brush sampler and the boom produces a normal force
of nearly 3 pounds which is excessive, measurements were made to deter-
mine the pressure profile required in the pneumatic snubber system to
reduce the normal force to half a pound and one pound. This data is
shown in Figure 3-25. Since the maximum air pressure readily available
in the laboratory is I00 psi, it was decided to limit the snubber pressure
to i00 psi for the tests. This produces a normal force of 1.25 pounds at
full extension which drops to .5 pounds near the six foot extension, The
pressure is reduced from this point to full retraction to approximate the
half pound normal force.
The final major problem encountered was the power limitation of the wire
brush drive motor. This motor did not produce sufficient torque to drive
the wire brush on pumice even with a very low normal force acting on the
sampler. Several mixes of motors and gearboxes were investigated as
identified in Table 3-9.
While the final fix has a brush speed slightly lower than might be
desirable, it produces sufficient torque and power to operate continu-
ously on pumice. In completing these fixes it was discovered that the
gearbox ratio used to drive the extension control gearbox was 64:1 rather
than the 80:1 as originally specified. This results in a faster traverse
rate over the surface than the one foot per second design point. Because
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TABLE3-9
POWERTRAINCOMBINATIONSFORDWBSAMPLER
Breadboard
Model
Tip Velocity of Brush, fps
! ' .
Centrifugal acceleration, G's
Original
Design
ist
ChangeConfiguration Parameters
Motor Speed, rpm 17600 7500 15700 15700
Breakaway Torque, in-oz 8.8 3.8 7.8 7.8
Motor Gearbox Ratio 4:1 20:1 20:1 64:1
Wire Brush Diameter, inches 4 3 3 3
Wire Brush Speed, rpm 300 437 915 286
5.2 5.7 12.0 3.7
5.1 8.1 35.7 3.5
Final
Change
the extension control tapes wind up as Archimedes spirals, the extension/
retraction rate of the boom varies with the length of the boom. This
rate variation is shown in Figure 3-26 as determined by experimental
measurement.
Based on the average traverse rate this provided a total traverse time
of about 4.2 minutes which is slightly less than half as long as was
intended in the original design. Subsequent test results indicated
that this is long enough to collect gram size samples on most of the
soil models tested,
With this final combination of reduced normal force on the sampling head
by pressurizing the snubber appropriately and the increased torque made
available as a result of changing the motor and drive gear ratio, the
DWB sampler operated satisfactorily on all but two of the soil models
tested. In this context, operation refers to the acquisition sampling
head only and not the complete sampler system.
In order to evaluate the relative effectiveness of various blower com-
binations and to assess the flow velocity achieved in the boom at its
largest diameter, static and dynamic pressure measurements were made just
ahead of the extension control gearbox. The test arrangement is shown
schematically in Figure 3-27.
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The measurements were made with and without the wire brush sampling head
mounted on the boom which allowed the pressure drop through the sampling
head to be determined. The results of these measurements are summarized
in Table 3-10 for the ten possible combinations available, From the
static pressure data, two conclusions can be drawn. One is that the pres-
sure drop through the wire brush sampling head is a_proximately .5 inches
of water. The other is that the use of a small blower at the sampling head
will maintain the pressure inside the boom at or above earth ambient.
From the velocity data it is seen that no measurable velocity occurred at
this point in the boom except when it was fully retracted. In this con-
figuration the velocity measured is the exit velocity from the smallest
diameter telescoping tube segment. The losses associated with the sampling
head results in about a 6 foot per second drop in velocity except for test
configuration number 8. This configuration uses the larger blower on the
cyclone collector.
The operating point for the 19A-I040 blower is 8.5 cfm at .5 inches of
H20 and the 19A-907 is 37 cfm at 1.5 inches of H20. The calculated flow
rate for configuration 8 as identified in Table 3-10 is .04 cfm based on
the cross-sectional area of the smallest diameter tube which has an inside
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diameter of .634 inches. Thus, both blowers are operating off their
operating point and are very nearly stalled. Under this condition the
pressure rise is .6 inches of H20 for the small blower and 1.75 inches for
the larger blower as obtained from the blower manufacturer's data sheets.
The results of these tests indicate that the internal flow configuration
does not produce the flow velocity necessary to transport any but the
smaller soil particles which obey Stoke's Law. This was substantiated by
the results of the laboratory testing. Thus, the requirement for a blower
that would be capable of producing satisfactory flow rates throughout the
full length of the boom under all conditions of extension can be suggested.
These are that the blower should probably be located at the maximum cross-
section of the boom, that it have a fairly high compression ratio estimated
to be in the range of 1.5 to i, and that it be capable of transporting soil
particles through it; i.e., an open flow system. These requirements become
even more stringent for a system which has to operate at the low pressures
postulated for a Martian atmosphere. Prior to the start of this contract
and based on the preceding testing at reduced blowers to determine the cost
and development time to fabricate a multistage vaneaxial blower capable of
producing a flow of 5 to i0 cfm with a compression ratio of 1.5 to 1 at
an ambient pressure of 5 millibars. In every case the response indicated
that they did not think it was feasible to meet these specifications. At
this point, some form of centrifugal blower would appear to be a better
choice than the multistage vaneaxial blower since higher compression ratios
are obtainable in a single stage.
The small blower mounted at the wire brush sampling head did not seem to be
affected when runs were made in sand; however, the first few runs on the
vesicular pumice caused this blower to stall by grains of abraded pumice
being wedged between the tip of the blades and the blower housing or shroud.
The rotor was freed and successive runs attempted. The tendency to stall
became more pronounced after each successive run which can probably be
attributed to wear at the blade tips increasing the tip clearance allowing
larger particles to enter the clearance. After run number 5 it was
impossible to free the rotor of the blower without damaging the blades.
The blower was removed for subsequent runs which reverted the pneumatic
transport to configuration 2 as defined in Table 3-10. This was the
blower configuration used for the remainder of the laboratory and field
testing. It should be pointed out that no stalls occurred with the blower
mounted on the cyclone collector even though soil particles were observed
to be ejected from the cyclone collector by passing through this plower.
The quantity of larger particles passing through this blower would tend to
be lower than for the sampling head blower because of the separating and
collecting action of the cyclone collector.
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In connection with the pneumatic transport system for this sampler, sur-
prisingly little trouble was encountered with the operation of the valves
located at each end of the boom. In some cases sufficient sample was
collected so that a fairly large amount of soil was resting on the valve
at various points in the dump cycle while it was being opened. In no case
did the valves fail to function. The failures observed in the valves
occurred at the slip clutches engaging the valve with the drive gear
trains. In both cases, seizure of the clutch drive gear occurred. These
clutches are located such that they are not exposed to soil particles at
any time. These failures were therefore attributed to mechanical causes
other than those caused by soil particles causing excessive wear or binding.
After the modifications to the sampling head, which allowed a successful
run on bare pumice, the layered soil models of sand over pumice were sampled
starting with the heavier sand layer and ending with the thinnest. Toward
the end of these runs it was observed that power required by the wire brush
drive motor was steadily increasing. The motor stalled midway through
sampling run 6. The sampler was disassembled and inspected. Considerable
residual soil was found in the wire brush and the sampling head valve.
The sampler was cleaned and reassembled. Test run 7 was a repeat of test
run 6 and was successfully completed; however, the input power was still
high. The sampling head was again disassembled to examine the internal
details. Part A of Figure 3-28 is a photograph of the disassembled
sampler showing these details.
The bevel gears driving the wire brush gear train were found to be badly
worn. The bevel gear on the gear train side consists of a spur gear
pressed on to the bevel gear hub both of which are pinned to the shaft.
In attempting to disassemble this cluster in order to replace the bevel
gear, the spur gear was split. Since this method of assembly does not
allow for ready replacement of the bevel gear, nor provide for adjusting
the gear to obtain proper mesh, it was decided to change the method of
keying the gear cluster to the shaft. Instead of pinning through all
three parts, opposing flat keys were installed in the bevel gear 180
degrees apart. Corresponding keyways were machined into the support
shaft. This allows the bevel gear to float axially on the shaft which
provides simplicity in assembly and final position adjustment is obtained
by means of shims between the shaft support bearing and the hub of the
bevel gear. After the keys were installed in the bevel gear, the spur
gear was pressed onto the bevel gear hub and pinned with two roll pins
oriented parallel to the axis of the bevel gear. This change provides
a complete cluster gear assembly which can be readily changed in the field
as a unit by simply sliding it off or onto the shaft. Two spare cluster
gear assemblies were fabricated in anticipation of the field testing since
these bevel gears appear to have a high wear rate. The modified form of
this bevel gear assembly is shown in part B of Figure 3-28.
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On the basis of the first seven runs with the DWB sampler in the laboratory,
it was observed that in most cases the majority of the sample was collected
in the cyclone collector. Also, in view of the anticipated handling
requirements of the sample in the field testing, it was decided to plug
the gravity dump tube so that all of the gravity dump sample could be
collected in the cyclone collector. The cyclone collector was also modi-
fied to eliminate all plastic parts and to allow a 2 ounce square
bottle to be used as the collection chamber. This allowed the sample to
be collected directly into a bottle which can be capped without disturbing
the contents. Thus, sterilized bottles and caps can be used in the field
and contamination from handling of the collected sample minimized for
those samples on which biological assays are to be performed. It was also
noticed in the laboratory testing of the DWB sampler, that the slip clutch
provided in the retraction tape gear train appeared to be slipping, thereby
preventing a consistent retraction of the boom. Since the high speed
extension has been eliminated, this slip clutch is no longer essential to
the operation of the telescoping boom gearbox. In order to eliminate the
possibility of slippage at this clutch, it was locked up by pinning the
clutch housing and clutch plate together.
After returning from the field tests, the wire brush shroud rub strips
located at the sample inlet slots had been completely worn through on one
side. This allowed the wire brush bristles to spread out and engage the
sample inlet slots located on the side of the magnesium shroud. This
worn area was repaired by machining stainless steel rings to fit over the
original rub strips. The original rub strip surfaces were machined to
restore a flat surface and to allow for the thickness of the stainless
steel rings. The rings were then bonded onto the original rub strips
restoring the shroud configuration to its original dimensions. This
modification was used in the laboratory sampling runs on infected sand,
lichen covered basalt, organic incrustations, sandstone, and the pebble
rubble soil models.
Other failures incurred in the field testing were diagnosed in the
laboratory after returning. These are listed as follows:
(I) The teeth on the brass spiroid gear were badly
worn and stripped off locally. See Figure 3-29.
(2) The elevation worm gear shifted laterally on its
shaft. Probably caused by seizure of elevation
sun gear shaft and excessive side thrust of the worm.
(3) Elevation gear train overrunning clutches failed.
Inner surface of cylindrical cam heavily
brinnelled.
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(4) The spiroid pinion and elevation worm shaft had
about .03 inches end play. Thrust bearing block had
worn heavily as indicated by large amount of
brass powder in this bearing.
(5) Formvar insulation was worn through in scattered
spots on the extension control tapes.
To summarize the mechanical performance of the DWB sampler it is neces-
sary to consider the sample acquisition head and the boom deployment system
separately. The sample acquisition head performed satisfactorily in most
cases and does not appear to have any serious mechanical defects. Further
improvement in the operation can be achieved by developing a wire brush
specifically for this application. The brushes used were off-the-shelf
hardware modified for this application. All brushes of this type use a
crimped wire and are very full. A brush utilizing straight wires with a
lower bristle density should reduce the wear on the shroud, load up with
soil less severely, and reduce the friction load imposed by rubbing on
the shroud surfaces.
The boom deployment system can be developed to operate satisfactorily, but
not in its present configuration. The telescoping boom is workable since
exposure to soil particles did not cause the sliding friction to increase
to the point where tube segments seized. The pneumatic extension of the
boom should be replaced with a mechanical system, preferably with a closed
loop tape or cable system. The concept of utilizing the boom retraction
tapes as electrical power leads to the sampling head drive motor was
demonstrated to be workable, particularly if a more rugged insulation
such as teflon were used. The elevation gear train is structurally under-
sized. Larger and stronger gears and clutches should be used which would
result in a weight increase. Greater simplicity and reliability can
probably be achieved by beefing up and modifying the snubber system to be
used as the elevation mechanism.
3.2.3 DWB SAMPLER ACQUISITION PERFORMANCE
This section reviews the DWB sampler performance from the standpoint of
sample acquisition. The same fundamental criteria that were given in
Section 3.1.3 for the VCS sampler apply to the development of this sampler.
As was the case for the VCS sampler, the laboratory run made on infected
sand for this sampler is discussed in Section 5.0, Biological Effectiveness
Evaluation.
Before discussing the results of the laboratory testing, a more detailed
explanation of the sample acquisition and transport mechanism used by this
sampler is presented. Figure 3-30 presents a schematic diagram of the
sampling head in various phases of a sampling run. Part A of this figure
shows how the sample is picked up off the surface. The light arrow shows
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how the sample is picked up off the surface. The heavy arrow shows the
direction of brush rotation relative to the traverse direction and the
light arrows indicate the direction of the pneumatic flow. Since flow
through the sampling head is very low only those particles obeying
Stoke's law will drift with the flow. The heavier soil particles are
transferred into the collection chamber by the centrifugal action and
tangential velocity imparted to the soil particles by the rotating wire
brush. After the telescoping boom has completely retracted, it is erected
to the vertical position and extended. When this happens, the brush rota-
tion is reversed and the valve located in the sampling head is closed.
Actuation of this valve is through a slip clutch driven by the same gear
train that drives the brush. At this point, as shown in part B of Figure
3-30, the soil sample in the collection chamber has fallen onto the closed
valve. In the process of erecting to the vertical some of the collected
sample is carried out of the sampling head shroud as indicated in the
diagram. After the boom has extended, the power polarity is reversed
which in turn reverses the brush rotation opening the valve allowing the
soil sample to fall down the tube through the action of gravity as shown in
part C of Figure 3-30.
The soil sample transport at the gearbox end of the boom is shown in the
schematic diagram in Figure 3-31. The physical details of the gearbox
can be seen by referring back to Figure 3-22. The configuration as shown
in the schematic is that which exists when the boom is in the vertical
position. The sample falls down the diverging boom until it reaches the
gearbox at which the internal diameter converges to the diameter of the
transport tube inside the gearbox. The cyclone collector and blower are
mounted to the side. The boom support shaft is hollow and is used as the
pneumatic transport path for the soil sample to the cyclone collector.
Another tube located axially in line with the gearbox transport tube is
the means by which the falling sample is transferred to the gravity dump
collection cup. The arrows indicate the direction of the pneumatic flow
at this time. During the sampling run a thin Be/Cu strip is deployed over
the gravity dump outlet to prevent the flow of air in through this tube.
As a consequence of this arrangement, the soil samples collected by the
DWB sampler were divided into three parts. Sample "a '' was designated as
the pneumatically collected sample obtained while the wire brush was
traversing the surface. Sample "b" was that portion of the gravity dump
sample which was collected by the cyclone collector during the dump and
sample "c" was that portion of the sample falling through into the gravity
dump collection cup. The blower on the cyclone collector is running
during the gravity dump cycle as a result of the design philosophy to
minimize the use of electrical switching circuits. It should be pointed
out that the relative flow velocity in the gravity dump outlet tube and
support shaft leading to the cyclone collector are higher than those in
the boom and gearbox tube. The velocity in the gearbox tube is probably
the same as that obtained in the pneumatic flow tests for configuration 2
of Table 3-10 which is about 13 fps. The flow in the gravity dump outlet
tube is probably like that obtained at the inlet of the pneumatic breadboard
3-62
FIGURE 3-31. SCHEMATIC DIAGRAM- PNEUMATIC TRANSPORT AND SAMPLE
COLLECTION AT GEARBOX
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tes ts  performed i n  the  preceeding  c o n t r a c t  which i s  about  40 f p s .  Thus, 
t h e  s o i l  sample f a l l i n g  through t h e  g r a v i t y  dump o u t l e t  tube  must proceed 
a g a i n s t  a f a i r l y  h igh  v e l o c i t y  upward f low.  This  w a s  t he  c o n f i g u r a t i o n  
used i n  the f i r s t  seven l a b o r a t o r y  tes ts  a t  which p o i n t  t h e  g r a v i t y  dump 
o u t l e t  tube was p lugged .  A l l  subsequent  l a b o r a t o r y  t e s t s  and t h e  f i e l d  
t e s t i n g  were performed w i t h  t h e  plugged c o n f i g u r a t i o n .  
Having d e s c r i b e d  t h e  d e t a i l s  of sample a c q u i s i t i o n  and t r a n s p o r t  f o r  t h e  
DWB sampler i t  cou ld  be a n t i c i p a t e d  t h a t  f a i r l y  powerful  s o r t i n g  mechanisms 
were i n  o p e r a t i o n .  T h i s  was found t o  be t r u e  i n  both  t h e  l a b o r a t o r y  and 
f i e l d  t e s t s  a l though  t h e  d e g r e e  of s o r t i n g  i s  dependent  on t h e  s o i l  model 
be ing  sampled. 
I n  t h e  ear ly  a t t e m p t s  t o  sample pumice i t  became appa ren t  t h a t  i t  would be  
h i g h l y  d e s i r a b l e  t o  be a b l e  t o  v i s u a l l y  observe  t h e  sample c o l l e c t i o n  
chamber l o c a t e d  i n  t h e  w i r e  b rush  shroud.  To p rov ide  t h i s  c a p a b i l i t y ,  t h e  
sampler head was modif ied t o  i n c o r p o r a t e  two p l a s t i c  windows. These a r e  
shown i n  F igu re  3-32. One window (A) i s  l o c a t e d  a t  t h e  bottom of t h e  c o l l e c -  
t i o n  chamber s o  t h a t  t h e  s t a r t  of sampling could  be observed .  The o t h e r  w i n -  
dow@) i s  l o c a t e d  a t  t h e  e n t r a n c e  t o  t h e  sampling chamber so t h a t  t h e  
a c t i o n  o f  the sample e n t e r i n g  could  be observed a s  w e l l  a s  d e t e c t i n g  when 
t h e  chamber w a s  f u l l .  
FIGURE 3-32 OBSERVATION WINDOW MODIFICATION TO DWB SAMPLER 
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. 
The r e s u l t s  of t h e  l a b o r a t o r y  r u n s  on the v a r i o u s  s o i l  models are sum- 
marized i n  Tab le  3-11. 
hours  coun t ing  bo th  t h e  e x t e n s i o n  and sampling phases .  
t h a t  a t  l e a s t  a g a i n  as much t i m e  was accrued d u r i n g  t h e  p r e l i m i n a r y  
t r o u b l e s h o o t i n g  and t h e  f i e l d  t e s t i n g .  
more d e t a i l e d  o b s e r v a t i o n s  on t h e  r e s u l t s  of the  l a b o r a t o r y  tes t  phase  
w i t h  t h i s  sampler .  
These r u n s  r e p r e s e n t  a t o t a l  runn ing  t i m e  of 2.5 
It i s  e s t i m a t e d  
The r ema in ing  d i s c u s s i o n  p r e s e n t s  
The f i r s t  r u n s  a t t empted  were on t h e  v e s i c u l a r  pumice s o i l  model which i s  
e s s e n t i a l l y  a c l o s e d  c e l l  g l a s s  foam type  of m a t e r i a l .  The w i r e  b r u s h  
b r i s t l e s  a t t a c k e d  t h i s  s u r f a c e  v e r y  a g g r e s s i v e l y  a s  i n d i c a t e d  by t h e  need 
t o  p rov ide  a h i g h e r  d r i v i n g  t o r q u e  t o  the w i r e  brush .  The material c o l -  
l e c t e d  pneumat i ca l ly  was a v e r y  f i n e  powder as was expec ted .  
p o r t i o n  of t h e  sample c o l l e c t e d  i n  t h e  cyc lone  c o l l e c t o r  d u r i n g  t h e  g r a v i t y  
dump was a f i n e  g r a n u l a r  m a t e r i a l  which w a s  a l l  500 microns  o r  l e s s  i n  s i z e .  
Of the  t o t a l  sample c o l l e c t e d  only  7 p e r c e n t  w a s  c o a r s e r  than  500 microns .  
The s i z e  of t h e s e  p a r t i c l e s  ranged up to  abou t  one m i l l i m e t e r  i n  s i z e .  The 
s i z e  of t h e  sample w a s  n o t  l a r g e  enough t o  make an  a c c u r a t e  p a r t i c l e  s i z e  
d i s t r i b u t i o n  d e t e r m i n a t i o n ;  however, the mean g r a i n  s i z e  appeared  . t o  be 
125 microns .  The pumice p a r t i c l e s  were v e r y  a n g u l a r  and s h a r p  as would 
be expec ted  i n  a b r a d i n g  a b r i t t l e  g l a s s - l i k e  m a t e r i a l .  The w i r e  b r u s h  
abraded  a p a t h  about  .03 t o  .05 inches  deep and .18 i n c h e s  wide.  A 
t y p i c a l  p a t h  i s  shown i n  F i g u r e  3-33. 
The.major  
I 
FIGURE 3-33. PATH ABRADED ON PUMICE BY DWB SAMPLER 
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TABLE 3=11
SII/_IARY OF DWB SAI_LER LABORATORY TESTS
Run
No.
1
2
3
4
5
6
7
8
9
i0
ii
12
13
14
15
16
17
18
19
Quantity Collected, Grams
Sample Sample Sample
Remarks
a b c
Traces Insufficient power to run wire
brush.
.14 .56 .05 Sampling head blower stalled.
Sol1 Model
Pumice
Pumice
20 mm sand over pumice Traces 15,81 7.17 Sampling head blower stalled.
I0 mm sand over pumice
5 mm sand over pumice
< 1 ran sand over pumice
< i mm sand over pumice
5 ram sand over pumice
5 ram sand over pumice
Traces 15.70 16.81
.84 15,68 7.37
.07 1.05 < .01
.07 3.13 < .01
52.6 219,4 *
0.22 22.64 *
Cemented sand with 0.40 2.39 *
Filaments
Infected sand 0.0 56.48 *
Sandstone 8.10 *
Sandstone *
Organic incrusted .01 .35 *
concrete
Organic incrusted .01 .31 *
concrete
Lichen covered basalt 0.0 .22 *
Lichen covered basalt 0.0 .16 *
Pebble rubble 1.59 66.03 * _
Pebble Rubble .57 63,93 * _
Normal run.
Sampling head blower stalled -
traces of pumice in sample.
Removed sampling head blower.
Brush stalled after 5 foot run.
Bevel gears in sampling head
badly worn.
Sampling run downslope at
26 ° .
Sampling run upslope at
26 ° .
Some lateral steering over
surface features.
Tapes shorted, external wiring
installed.
This sample includes that taken
on run 13.
See run 12.
Sampling head hung up on sharp
corners on screw heads
Sampling head hung up as in
run 14.
Sampling head hung up as in
run 14.
Sampling head hung up as in
run 14.
Brush stalled after 3 foot traverse
- Cyclone effluent copious.
Brush stalled afterlm 54s.
Cyclone effluent copious.
Sample a - Collected in cyclone collector during run.
Sample b - Collected in cyclone collector during gravity dump.
Sample c - Collected in gravity dump collection cup.
* Gravity dump port plugged.
6 See bottom of page 3-73.
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The sand over pumice runs were made starting with the thickest layer and
ending with the soil model with a sand layer less than one millimeter
thick. In relatively deep sand 20 to 30 grams of sample is collected.
This is very near the total capacity of sample that can be stored in the
collection chamber located in the sampler head. Observations showed that
this chamber filled fairly rapidly, the time varying with the depth of
sand as shown in Figure 3-34, It was also of interest to note that no
stalling or choking of the wire brush occurred during the remainder of the
run when the sand has any appreciable depth. By observing the action of
the sample through the window located in the sample collection chamber
wall it appears that sand continues to be delivered into the chamber. The
excess sand then flows over the edge of the collection chamber entrance
into the brush where it is carried around and dumped out of the trailing
edge of the brush shroud.
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FIGURE 3-34. TIME TO FILL SAMPLE COLLECTION CHAMBER
IN DWB SAMPLER
In this context, the rounded sand grains tend to prevent the soil from
compacting in the brush or shroud. When sampling the bare pumice, the
sample dislodged is much more abrasive and tends to cause more problems
with binding or stalling of the sampling head blower or the wire brush.
It was during these runs on bare pumice that repeated stalls of the
sampling blower were observed.
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In bringing the DWB sampler to the vertical position for the gravity dump,
some sample is lost by being carried out with the rotating wire brush as
the sample falls on top of the closed pneumatic valve located in the
sampler head. No quantitative measurements of the amount lost in this
manner were made; however, it is pointed out that the quantities quoted
in Table 3-11 are the actual quantities collected and delivered to the
sample containers. No credit is taken for sample lost during the gravity
dump operation. A residual sample of about 2 grams was retained in the
wire brush shroud for the runs made in sand. This residual sample would be
dropped onto the surface during a subsequent deployment of the sampler.
The characteristics of the sample acquired from the sand over pumice soil
model demonstrated that a mixture of both types of material was collected.
In the third monthly progress report it was reported that no apparent
traces of pumice appeared in the deeper sand over pumice models. This
was based on a visual observation judging the color of the sample. In
sieving this model it was discovered that there was definitely pumice in
this sample; however, the percentage was not determined. If it is assumed
that at least as much pumice is obtained as was obtained on bare pumice
then the pumice would constitute about 2 to 3 percent of the sample in
the deeper sand and about 66 percent for the thinnest sand layer model.
It is noted that the color of the sample becomes progressively more gray
as the sand layer thickness diminishes. Another interesting characteristic
was noted in runs 7 and 9. In both cases, sample "a" collected pneumatic-
ally during the run, was a very dark gray color and looked like it con-
sisted entirely of pumice powder. The quantity, color, and texture matched
very closely the characteristics of sample "a" taken in run 2. This is
evidence that the pneumatic sorting mechanism mentioned earlier in this
section was powerful enough to segregate the pumice powder from the sand.
It is noted that the sand contains less than 2 percent of the material in
sizes below i00 microns. This segragating or winnowing effect was not
observed for the deeper sand layer soil models. The pneumatic sorting
mechanism probably breaks down because the quantity of sand is large
enough to produce a high density of particles at the entrance to the
sample collection chamber to effectively block the flow of air through
the sampling head. A typical path left by the wire brush in sampling on
soil model ll-la (< i mm sand over pumice) is shown in Figure 3-35.
Following these tests, sampling runs on a sloped surface were made. Run
number 8 was a downslope sampling configuration and run number 9 was an
upslope sampling configuration. The soil model used in these tests was
ll-lb, 5 millimeters of sand over pumice. The sample bin was adjusted
in the test fixture to an angle just under that at which the sand would
slide or run down the bin. Nevada 60 sand was used in this soil model.
The slope of the test surface achieved in this manner was essentially 26
degrees from the horizontal. When sampling upslope, the total soil sample
collected is essentially the same as was collected with the DWB sampler
on a level surface.
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FIGURE 3-35. PATH ABRADED ON < 1 mm SAND OVER PUMICE 
BY DWB SAMPLER 
The downslope sampling r u n  produced an o r d e r  of magnitude i n c r e a s e  i n  t h e  
amount of sample c o l l e c t e d  by g r a v i t y  dump and two o r d e r s  of magnitude 
i n c r e a s e  by pneumatic c o l l e c t i o n  du r ing  t h e  sampling run.  It should  be  
no ted  t h a t  t h e  l a r g e  i n c r e a s e  i n  q u a n t i t y  of c o l l e c t e d  sample can be 
a t t r i b u t e d  t o  t h e  a t t i t u d e  of the  boom d u r i n g  t h e  sampling run.  The boom 
a t t i t u d e  f o r  t h i s  r u n  was such t h a t  i t  po in ted  upward towards t h e  sampling 
end by a n  a n g l e  of about  15 degrees  above the h o r i z o n t a l .  The sample c o l -  
l e c t i o n  chamber i n  t h e  sampling head f i l l s  w i t h i n  a v e r y  s h o r t  t i m e  a f t e r  
beg inn ing  a sampling r u n  i n  sand a f t e r  which any a d d i t i o n a l  m a t e r i a l  i s  
c a r r i e d  i n ,  th rough,  and then  out  o f  the shroud. For t h e  downslope sampling 
c o n f i g u r a t i o n  t h i s  excess  sample i s  f r ee  t o  f low down i n t o  t h e  boom because 
of t h e  boom a t t i t u d e .  Any sand r o l l i n g  down t h e  boom t o  t h e  e n t r a n c e  of 
t h e  gea rbox  t r a n s p o r t  t ube  can  be picked up pneumat i ca l ly  because of t h e  
conve rg ing  flow i n t o  t h e  gearbox tube and t h e  h i g h e r  flow v e l o c i t y  e x i s t i n g  
there .  
b o t h  sample  Ifalf and sample "b" f o r  t h e  downslope t e s t  c o n f i g u r a t i o n .  
s u g g e s t s  t h a t  t h e  e f f i c i e n c y  of t h i s  sampler could  be g r e a t l y  improved i f  
some means of con t inuous  t r a n s p o r t  o u t  of t h e  sampling head were a v a i l a b l e .  
 his woi;?d accourrt for the extremely large q u a n t i t i e s  c o i i e c t e d  i n  
It a l s o  
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The photograph in part A of Figure 3-36 shows the test soil bin and sampler
for the downslope sampling run. The soil bin is supported in an adjustable
fixture at the desired angle. The photograph in part B of Figure 3-36 shows
the type of sampling track left in this soil model during the run. It is
seen that a vee-shaped trench is left in the sand and that the wire brush
has penetrated through to the pumice surface. This run was the first made
with the gravity dump outlet tube plugged. Several extensions and retrac-
tion cycles were required to obtain complete transfer of the soil from the
boom to the cyclone collector. The sand evidently filled the gearbox
transport tube choking the flow of air through it. Each time the exten-
sion-retract cycle was initiated, the gearbox valve was actuated. In this
case it was operating through the sand. The actuation of the valve aided
in the transfer since a burst of increased sand transport was noted each
time the valve actuated. Under these conditions, a simple gravity dump
down the boom with a small helical conveyor mounted in the boom support
shaft would be much simpler and more efficient.
The test conducted on soil model IV-3 which is the cemented sand loaded
with filamentary material was the last laboratory test accomplished with
this sampler before going into the field. The surface of this model had a
coarser texture than the pumice or sand in that peaks and ridges about
one-half inch high existed with scattered spikes of cement coated filaments
of sphagnum moss. The sampler exhibited a slight tendency to steer later-
ally around local ridges when crossing them at small angles. The dimen-
sions of the track cut in this model are comparable to that obtained with
the pumice model, i.e., about .19 inches wide by .03 to .04 inches deep.
The pneumatically collected sample consisted of a fairly uniform very fine
powder. The sample collected by gravity dump contained large fragments
of sphagnum moss filaments and a few pieces of pebble size cemented material
up to .12 inches in diameter. The track left in the surface was intermittent,
most abrading of the surface occurring at the peaks of the ridges and
spikes. A larger sample was collected than for bare pumice indicating
that this model is more easily abraded with the wire brush.
After returning from the field testing, another modification was made to
the wire brush sampling head. The runs attempted in the desert pavement
model resulted in almost immediate stalling of the wire brush. It was
felt that this was caused by pebbles larger than 2 millimeters becoming
wedged between the wire brush and the shroud or housing. In order to
limit the maximum size particle which is carried into the wire brush
shroud, a small bar was placed across the inlet to limit the clearance
between the wire brush bristles and the bar to 1.5 millimeters. This was
a minor modification but it is necessary to mention it here in that it may
have impaired the collection efficiency of this sampler on certain soil
models such as the lichen-covered basalt and the organic incrusted concrete
models. The intent of this modification was to limit the size of particles
entering the shroud to something less than the clearance between the wire
brush and the shroud.
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B. SAMPLING TRACK 
A. GENERAL TEST SETUP 
6 
FIGURE 3-36 .  DOWNSLOPE SAMPLING TEST CONFIGURATION FOR DWB SAMPLER 
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The remaining soil models on which this sampler was tested all exhibited
very rough surface texture as can be seen by referring to Appendix A. The
size of the samples were small, but this sampler did sample successfully
on models that defeated the VCSsampler such as the organic incrusted
concrete and the lichen covered basalt. In both cases sand size grains
of material were included with the material of organic origin. In the
case of the lichen covered basalt, the majority of the material collected
was lichens. In the case of the organic incrusted concrete a much larger
percentage of sand-like material was acquired. The surface of the con-
crete fragments had been exposed to sea water and appeared to have a thin
layer of decomposedmaterial on the surface. The most noteworthy feature
observed in the runs on sandstone was the manner in which the sampling
head traversed the surface. It rode over the large boulder size pieces of
sandstone sampling whenever the wire brush contacted the surface. This
usually occurred on the forward and top side of the fragments. No hangups
occurred on this model because there were no extremely sharp corners or
edges on the sandstone fragments. The particle size distribution collected
from the sandstone is given in Figure 3-37 and compare to controll obtained
from a sandstonewhich had been dispersed with water. It is seen that the
distribution obtained by the sampler is broader and that the meangrain size
is coarser than for the control. Thus, the wire brush sample contained
agglomerated particles. The hangupswhich were observed on the organic
incrusted concrete and lichen covered basalt could easily be eliminated
if flush head screws were used to attach the Be/Cu bumper strip to the
wire brush shroud instead of the round head screws which were used.
The last soil model tested with the DWBsampler was the pebble rubble
model. Themodification to limit the pebble size entering the wire brush
shroud was particularly important for this soil model. It performed the
function for which it was intended in that no large pebbles were gathered
in this sample. Although the wire brush consistently stalled in this
model, it took longer to do so and the brush could be cleared by lifting the
sampling head clear of the surface and reversing the rotation of the wire
brush. The stalling occurred in a different manner than was observed in
the field. The stalls on the desert pavementoccurred abruptly and almost
immediately after contact with the surface. In the pebble rubble the
characteristics of the stall were a gradual increase in load as was observed
by the labored manner in which the motor ran and loss of rpm until the stall
finally occurred. Since all the soil fractions which makeup this model
were madeby crushing or grinding basalt rock, the particles are very
angular and cohesive. As was noted for the VCSsampler, this soil tends to
compact very readily which appears to be due to the silt size fraction in
the soil model. Thus, these stalls were caused by soil compacting in the
wire brush sampling head. It should be pointed out that the total sample
collected is based on completing a full length run. In other words, the
brush was freed when a stall occurred and the run was continued from that
spot. It can be assumedthat in actual operation the corrective action on
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detecting a stall would be to initiate the gravity dump mode in an attempt
to retrieve whatever sample had been acquired. The reversal of the wire
brush rotation would then free the brush allowing the dump to be made. In
this case the size sample would probably be one third of that given in
Table 3-11 since this was about the average length of the run completed
before stalling occurred. This sample would still be adequate to satisfy
the design criteria used to develop this sampler.
Another characteristic observed with the DWB sampler in the pebble rubble
model was the extremely large quantity of fine material blown out as
effluent from the cyclone collector during the gravity dump. The cloud
emerging from the blower was very dense. As was noted for the downslope
sampling run in soil model II-ib, the large quantity of sample collected
tended to clog the gearbox transport tube. The same procedure of repeated
extensions and retractions were required to effect the transfer of the
sample into the cyclone collector. Again no malfunction of the gearbox
valve was observed which is somewhat surprising since this material consisted
of a broad range of very sharp and angular particles which could be expected
to be extremely abrasive. The particle size distribution for sampling run
18 is given in Figure 3-38 and for run 19 in Figure 3-39. In both runs
it is seen that the pneumatically collected sample has a peak coinciding
with the peak of the silt size material in the control and that a fairly
sharp cutoff is apparent on the coarse limb of the curve. The bulk of this
sample is below 70 to 80 microns in size and virtually nothing larger than
I00 microns was collected. The gravity dump sample, on the other hand, has
very broad distribution with the peak near the peak of the silt size
fraction. As would be expected from the design configuration of the wire
brush and shroud, this sampler rejects all the coarse material above a few
millimeters in diameter.
While the testing of this sampler was severely limited by the mechanical
problems in the boom deployment subsystem, sufficiently good results were
obtained to warrant the conclusion that the abrading wire brush is a good
approach to a general purpose surface sampler which will sample a wide
variety of soil models. The efficiency of this sampler was limited in
many cases in this testing by the inability to transport soil continuously
away from the sampling head. Two approaches could be used to overcome
this problem. One is to develop some form of continuous transport. The
other would be to initiate the gravity dump cycle at frequency intervals
during a sampling rung. The characteristic of the pneumatic transport
system which tends to cause size sorting may not be desirable. Alternate
mechanical transport modes should be considered. The gravity dump appears
to be a simple and reliable method of performing this function.
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SECTION 4
FIELD TEST EVALUATION
Another important task in this contract was to take a complement of
samplers, developed by various sources, into the field and test them on
a variety of soil models in their natural environment. While certain
parameters can be more carefully controlled and assessed in laboratory
testing, there is also the possibility of obtaining biased results or over-
looking some fundamental feature. This is particularly true when an
attempt is made to create a soil model in the laboratory. Soil% by their
nature, are complex structures determined by the environment in which they
were formed and subsequent alterations endured. They can exist in an
infinite variety of forms and combinations and can vary rapidly in their
structure both as a function of lateral displacement over the surface and
with depth below the surface. Much was learned in this series of field
tests in terms of identifying the characteristics of the soils being sampled,
the operation of the samplers, and the structural requirements of the
mechanisms. Except for a model of the backhoe scoop developed by Hughes
Aircraft for the Surveyor mission, all of these samplers were engineering
prototype or breadboard models with varying amounts of laboratory test
experience and were developed under different design criteria.
In most cases these were surface samplers or shallow subsurface samplers
none of which were intended to drill into solid rock. The discussion in
this section is divided into two parts, one of which deals with the field
test operations and the other which deals with the sampler performance.
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4.1 FIELD TEST OPERATIONS
In performing a field test, considerable effort must be expended in
organizing and conducting the tests. This was particularly true in this
program because of the large number of samplers tested, the diversity of
their operating modes and requirements, and the scattered test sites in
fairly remote locations. A total of six test sites were selected at the
Kelso dune sands and near Pisgah crater located about 35 miles east of
Barstow. A detailed description of the location of these sites and the
characteristics of each are given in Appendix B.
4.1.1 GENERAL ORGANIZATION OF FIELD TESTS
Under the terms of the work statement for this contract, the Jet Propulsion
Laboratory, located in Pasadena, California, was to provide five govern-
ment owned geo-bio soil samplers for the field test phase in addition to
the two NASA soil samplers developed by Philco-Ford. Because of the
unique operating and maintenance requirements of these samplers, JPL was
also to provide the technical assistance for operating and maintaining
these samplers during the field testing. It was the responsibility of
Philco-Ford to conduct the tests, in accordance with the field test plan
presented in Section 2 of this report, and to record the data and evaluate
it. This arrangement proved to work very satisfactorily. In the field
JPL had a team of four men throughout the test operations and Philco-Ford
had a team that varied from four to five men.
The first step in organizing the field test operations consisted of deter-
mining which samplers would be ready for testing and what their individual
operating requirements were. The soil sampler models under consideration
and their basic requirements are listed in Table 4-1. Those sampler
numbers which are encircled were those stipulated in the work statement of
the contract. The work statement did not specifically specify whether
sampler 2 or 3 was to be tested; however, in conversations with JPL it was
understood by Philco-Ford that it could be either but would probably be
number 3. Very little testing was actually accomplished on sampler 3
because of mechanical failure early in the operations. All these samplers
were eventually taken to the field and tested with the proviso that the
samplers stipulated in the work statement would receive priority in the
testing and that sampler numbers 2, 5, 7 and Ii would be tested on a non-
interference basis. The details of the configuration and operation of
all these samplers is given in Section 4.1.2.
Most of these samplers required some form of support structure to support
them during the test. A first consideration was to mount the samplers on
the back of a two wheeled trailer which could be pushed into the test site
and used as a work platform. This approach would minimize the disturbance
or alteration of the test soil by the personnel conducting the tests and
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the auxiliary equipment. Further consideration of the test sites indicated
that it might not be possible to reach all test sites with the trailer
because of terrain features. Based on this consideration, it was decided
to provide each sampler with its own portable base so that they could be
hand carried to the test site if necessary. In most cases each sampler
already had its own support stand. This decision necessitated little
extra work and turned out to be very sound.
In addition to identifying the samplers to be tested, the work statement
also specified that test runs were to be made in a wind. In order to
ensure that a wind of adequate velocity (50 fps) would be available and
to provide better control in the testing, a portable wind generator was
fabricated. The configuration of this machine is shown in Figure 4-1. It
was a relatively simple arrangement using a 6300 cfm squirrel cage blower
to which a length of sheet metal ducting was attached in order to shape
the flow and direct it to the samplers. The last two feet of the ducting
had only three sides, the open side resting on the ground. The outflow
from this ducting produced an airstream 8 inches high by 36 inches wide
with an intended velocity of 50 fps. A check of the velocity profile was
made in the field at the Kelso dune site. The profile obtained is shown
in Figure 4-2 which indicates that a mean velocity of about 45 fps was
achieved. The blower on this machine was driven by a i H.P. II5V.A.C.
electric motor. This set up the most severe electrical power requirement
for field test equipment.
Based on the preceeding requirements, major equipment items were identified
as necessary for the field trip.
(i) A 115 volt alternator capable of producing better
than one horsepower of electrical power.
(2) A.C. to D.C. power supplies.
(3) A pressurized air supply.
Philco-Ford had available several trailer mounted alternators, one of
which was suitable for modification so that it could be used as a central
work platform on which the samplers could be mounted. This alternator is
a gasoline powered Kohler model 10-RH81 alternator capable of producing
12.5 kw of power with both 115 volt single phase and 220 volt 3 phase
outputs. Only the 115 volt output was required. The trailer was modified
for use in the field by mounting a one inch thick plywood platform on the
trailer frame around the generator with an 18 inch overhang in the back.
Along the back edge four mounting rings are provided to support several
of the soil samplers. Thus, where terrain features will permit, the
trailer can be backed into the test site and sampling runs made from the
platform. A mounting bracket on each side of the forward end of the
generator was incorporated to mount two high pressure (2500 psig) nitrogen
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bottles. These furnished the necessary gas supply to operate those samplers
requiring a pressurized pneumatic source. A platform forward of the gener-
ator was incorporated on which to mount the squirrel cage blower of the
wind generator for transport from site to site. The ducting for the wind
generator was lashed to the side of this unit while in transit to and
from the sampling site. The photograph in Figure 4-3 shows this unit as
it was used in the field test phase.
Another important aspect of the field test preparations was the method to
be employed in collecting and handling the samples acquired by each sampler.
A certain number of these samples were designated for biological analysis
to try and detect the effect, if any, of the sampling mechanism on the
biological content of the sample. For these samples it was imperative to
collect the sample in a sterile containe_ for storage until the laboratory
analysis could be made after returning from the field. Several of the
samplers were designed so that they transported the soil sample into a
bottle. As mentioned in Section 3, the DWB sampler was modified so that
it could utilize a bottle as the sample collection chamber. Three types
of bottles were required and were prepared in the quantities listed in
Table 4-2. The samplers for which these bottles were intended are also
identified by number.
TABLE 4-2
STERILIZED SAMPLE BOTTLES
Quantity
Type of Bottle Prepared
Round, 2 ounce, wide mouth 144
Square, 2 ounce 48
Round, 8 ounce, wide mouth 36
Samplers
Used With
1,2,3
I0
4,6
These bottles were prepared by being washed, packaged in sealable paper
envelopes, and then sterilized in a steam autoclave.
With regard to the procurement of these bottles, it was found that all the
bottles of a given size and shape had to be procured from a single source
in order to make sure the caps were interchangeable. The bottle caps
were also sealed in envelopes and sterilized in the autoclave. By putting
the bottle and cap in separate envelopes it was possible to minimize the
handling of each component thereby reducing the probability of contamination.
For those samplers which did not utilize bottles or for which it was not
convenient to transfer the sample to a bottle, plastic bags were provided.
These were sealed by twisting the open end of the bag and securing it with
a wire tie.
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In order to ensure that all the necessary equipment and supplies were taken
into the field, checklists were drawn up and are shown in Table 4-3. The
items detailed in this list were those taken by Philco-Ford. The JPL team
also brought along a comparable set of equipment and all the remaining
samplers to be tested.
Transportation for personnel and equipment was provided by both JPL and
Philco-Ford. Station wagonswere used to get as close as possible to the
test site. A four wheel drive vehicle was provided by JPL with a trailer
hitch front and back. This behicle was used to maneuver the trailer
mountedgenerator into position at those test sites which could be reached.
Since only one test site was farther than 35 miles from Barstow, it was
decided to base the field test operations in Barstow. This simplified the
procurement of meals and also provided a clean environment for recondi-
tioning and decontaminating those samplers requiring it at the end of each
day of operations. At the end of each day of testing, the trailer mounted
alternator and most of the samplers were left at the next test site to be
sampled. TwoJPL personnel remained in the field with this equipment to
perform whatever maintenance was required on the samplers and guard the
equipment. This proved to be of considerable value in conserving time and
effort by minimizing the logistic requirements in the field.
4.1.2 TESTOPERATIONSIN THEFIELD
This section reviews the actual operations associated with testing the
soil samplers at the various test sites. Before discussing these opera-
tions it is pertinent to review the soil samplers in terms of their con-
figuration and operating sequence. These samplers will be identified by
numbersrather than their descriptive namesin the remainder of this
report.
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Item
No.
i
2
3
4
5
6
7
8
9
I0
Ii
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
TABLE4-3
FIELD TESTINGCHECKLISTS
TESTEQUIPMENT Item
Item Description No.
Trailer mountedgenerator i
Electrical cabling 2
Fuses 3
Trailer Hitch 4
Support stand 5
Squirrel cage blower 6
Sheet metal duct 7
Manometer,6 channel 8
Manometertubing, 5 ft 9
D.C. Powersupply, 0-50V, i0 amp I0
D.C. Powersup., 0-36V, 300-600 ma Ii
Volt-Ohm meter 12
Weight Scale, beambalance 13
Nitrogen bottle, 2400 psi 14
Pressure regulator 15
Flexible hose, 15 ft 16
DWBSampler 17
Support stand,DWBsampler 18
VCSSampler 19
Support stand, VCSsampler 20
Cleaning fixture, DWBsampler 21
ETOchamber 22
Pressure gauge, 0-120 psi 23
Air compressorand motor 1.8 cfm 24
Roundsample bottles, 2 oz 25
Square samplebottles, 2 oz 26
Roundsample bottles, 8 oz 27
Sieving screens and shaker
Vacuumpump
SUPPLIES
Item Description
2-36 O-Ring, DWBCleaning Fixture
2-259 O-Ring, ETOchamber
Red draft gauge oil
Wire, Electrical #20, red
Wire, Electrical #20, black
Solder, Rosin core
Solder, Acid core
Water, cleaning
Kinrwipes
Paper towels
Soap
Felt tip pen
Pencil lead, H
Paper, vellum quadrille pad
Cooler, ice chest
Lacquer thinner
Paint thinner
Test record forms
Electrical tape, plastic
Film, Kodacolor X, 120
Film, KodachromeX, 35 mm
Rags
Woodenboxes with handles
Lock and key
MEK
Paper cups
Paper plates
4-10
Item
No.
1
2
3
4
5
6
7
8
9
i0
ii
12
13
14
15
16
17
18
19
2O
21
22
23
24
25
26
27
28
29
30
31
32
TABLE4-3 (cont'd)
TOOLS Item
Item Description No.
Soldering iron i
Hammer,small ballpeen 2
Slot bead screw driver, large 3
Slot head screw driver, medium 4
Slot head screw driver, small 5
Jeweler's screw driver set 6
Phillips head screw driver, medium 7
Phillips head screw driver, small 8
Allen wrenches 9
File, fine flat
File, fine triangular i0
iiFile, fine round
Drill, power 12
Drill, hand 13
14Drills, high speed steel
90° countersink 15
Punches 16
Centerpunch set 17
Pliers 18
Pliers, electrician
Dikes, wire cutter
Wire stripper and screw cutter
Bolt cutter
Hack sawand blades
Adjustable end wrench, 8 inch
Adjustable end wrench, 6 inch
Socket wrenches, 1/2 inch drive
Socket wrenches, 3/8 inch drive
Socket wrenches, I,,•z_ inch drive
Shovel, small
Shovel, large
Bench vise
SPARE PARTS
Item Description
VCS, Torsion bars
VCS - Support tubes
VCS - Collection chamber
DWB - Control tapes
DWB - Bevel gear assy
DWB - Bevel gear shaft
DWB - drive motor 319AI09-4
VCS drive motor 319AI04-8
#6-32 set screw,
allen head, cup point
#8-32 " "
#10-24 " "
1/4-20 NC " "
4-40 " "
.045 piano wire
.062 rollpin
VCS - Conducting tapes
DWB blower
DWB cyclone collector
4-11
Sampler I, Litton Aerosol Sampler
This sampler was developed by the Applied Science Division of Litton
Industries under a JPL contract in 1964 and is shown in Figure 4-4. The
approach was specifically oriented towards the use of an aerosolizing jet
of air coupled with the use of pneumatic transport of the soil sample. The
basic design criteria was that the sampler weigh 5 pounds or less and that
it did not require electrical power to operate except for a pulse to
initiate the sampling sequence. The sampling head was flat and symmetrical
about its midplane so that it would lie on the surface in one of two atti-
tudes. Sample inlet ports are located in the center of the head. The
upper port is closed by a gravity actuated valve leaving the lower port
open. Small aerosolizing jets are located adjacent to each of these ports
and are oriented to blow down on the surface towards the inlet port. The
head is attached to i0 feet of two concentric rubber tubes. The annular
space between the small tube and the large tube forms the pneumatic trans-
port path for the soil particles. The small diameter tube provides the
gas supply for the aerosolizing jets. The other end of these tubes are
attached to the cyclone collector with an ejector pump mounted on the
outlet to provide the pumping action causing the pneumatic flow through
the lower inlet port in the sampling head. Soil particles blown into
suspension by the aerosolizing jets are entrained in this flow and col-
lected in the cyclone collector. This sampler has two CO 2 cartridges
mounted in the head which are pierced and act as jets to deploy the sampling
head and tubing away from the support structure. This method of deployment
was not used in the field tests. The head was positioned on the ground by
means of an aluminum pole with a hook on the end so that every run was a
full length run for this sampler. The rubber tubing is passed between
a pulley type drive wheel and an idler pulley which pulls on the rubber tubing
to traverse the sampling head over the surface toward the support structure
at a rate of one foot per minute. A full length run takes 6 to 8 minutes
before the head begins to lift off the ground.
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Sampler 2, JPL Open Flow Abradin$ Cylinder Sampler
This was the first of two designs built by JPL utilizing the concept of
an abrading cylinder and is shown in Figure 4-5. This is a surface sampler
which has a cylindrical body coated with an abrasive grit and perforated by
small holes punched from the inside. As the cylindrical body rotates, the
surface material is abraded and those particles which are small enough are
drawn through the perforations into the cylindrical body. This sampler
uses an open flow pneumatic transport system similar to sampler i, except
that the ejector pump is located in the mounting end of the cylindrical
sampling head at the inlet to the transport tubing. The pneumatic flow
comes in through the perforations of the cylinder, through the ejector
pump, the transport tubing, and the cyclone collector. The cylindrical
head is driven by a small internal electric motor. This sampler, origi-
nally constructed for sampling in a random self-propelled mode, was modi-
fied for the field tests to be mounted on the end of a rigid boom which
is driven through a friction drive to traverse the sampler over the surface.
The shield shown in the photograph was installed in the field to limit the
depth to which the sampler would embed itself in loose granular material
such as sand.
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Sampler 3, JPL Closed Flow Abrading Cylinder Sampler
This sampler shown in Figure 4-6 is the same basic concept as for sampler
2 except for the soil transport system used. In this sampler an array of
small scoops are built into the surface of the cylinder which can ingest
larger particles than was the case for sampler 2. Particles up to 1 or
2 millimeters in diameter can be taken in. Inside the rotating cylinder
a helical conveyor built around the fixed shaft which houses the drive
motor conveys the soil sample to one end of the cylinder where a brush
carries it up and brushes it across a screened opening located in the top
of the fixed shaft. Some of this sample falls through the screen into
the annular shaft. Rotating inside this shaft is a valve with an opening
which corresponds to the opening in the fixed shaft once every revolution.
Thus, the opening is closed for a major part of each revolution of the
cylindrical body. During this time the shaft forms a sealed chamber con-
taining the soil that fell through the screen. This chamber has an out-
let connected to the pneumatic transport tube leading to the cyclone
collector. A small jet of pressurized gas is vented into the chamber
through the axis of the valve shaft. Then when the chamber is sealed,
pressure builds up and flows out through the pneumatic transport tube
carrying the soil sample with it to the cyclone collector. This system
will operate more efficiently at very low ambient pressures than will the
open flow system used on samplers 1 and 2. This sampler was also modi-
fied to be mounted on the end of the rigid traversing boom described for
sampler 2. Soil build up inside the cylindrical body is alleviated by
a series of aft facing openings which allows the excess soil to flow out
of the cylinder as it rotates. This can be seen as a small ridge or
mound of material deposited along the right side of the sampling path in
Figure 4-6.
4-16
. 
4-17 
Sampler 4, Hushes Backhoe Sampler
This sampler is shown in Figure 4-7. It was built by Hughes Aircraft
Company as part of the Surveyor program. Although the unit tested was a
developmental model rather than a flight unit, this sampler has been the
most completely developed since several models have actually been flown
and operated on the lunar surface. The prime intent of testing this sampler
on this program was to see how well it worked in a different control mode
and in different soil modes. On Surveyor this sampler is controlled
incrementally with visual feedback by means of the television camera mounted
on the spacecraft. In these field tests it was operated in a manner as
though it were following a programmed sequence with no feedback except
through the engineering sensors indication elevation, azimuth, scoop posi-
tion, etc. This is the mode of operation which would be required for a
sampler used on an early unmanned planetary probe. The sequence used most
of the time with this sampler is detailed as follows:
(i) Elevate and extend the pantograph boom to its
full length.
(2) Traverse in azimuth some finite increment.
(3) Release the clutch dropping the sampling scoop
to the surface.
(4) Draw the sampler along the surface about 2 feet
and close the scoop. Two variations were used
in this step. Some runs were made with only the
weight of the mechanism resting on the scoop.
Others were made so that the scoop was preloaded
down into the soil.
(5) Elevate the scoop and traverse in azimuth to the
dump position.
(6) Open the scoop and dump the contents into a plastic
bag.
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Sampler 5, JPL Deep Abradin$ Cone Sampler
This sampler was developed by JPL to sample to some depth below
the surface and is shown in Figure 4-8. The basic sampling mechanism is
a long small-angle cone with a carbide cutter brazed to the tip. Addi-
tional cutters are brazed on the sides of the cone to provide cutting
surfaces up to the maximum diameter of the cone. Narrow slots are
machined along the elemental lines of the cone through which the soil is
admitted into the conical head. The soil sample is transported continu-
ously out of the conical head by means of a helical conveyor rotating
inside a close fitting housing. The helical conveyor is essentially a
square thread form on a small diameter shaft with a pitch and thread
depth such that particles of about 1 millimeter in diameter will pass
through. This helical conveyor rotates in a rubber lined cylindrical
housing at a moderately high rpm. The conical abrading head is attached
to the conveyor housing which rotates at a relatively slow rpm so that suf-
ficient torque and stable cutting action is achieved. Thus, both the helical
transport screw and the conveyor housing are rotating simultaneously. The
differential rotational speed is determined by the requirements for effi-
cient transport of the soil sample. In operation this sampler is driven
down at a fixed rate by a powered lead screw until the surface is contacted.
When the axial thrust builds up to some predetermined value it causes the
sampler support structure to deflect activating a microswitch controlling
the power to the axial feed rate motor. The allowable thrust is determined
by the spring rate and total deflection of the support structure.
From this point the axial feed is applied intermittently on demand as the
axial thrust falls off in proportion to the resistance offered by the soil
being sampled. Thus, the axial feed drive motor is activated as required
to maintain some nominal value of axial thrust while the conical cutting
head is abrading the soil. The transported soil sample overflows at the
top of the conveyor housing and is collected and directed into the sample
container by a chute mounted on the housing and inclined downward at a 45
degree angle. The sampler mechanism is mounted on a fourbar linkage to
provide freedom to rotate in one plane. This structure is then mounted on
a shaft orthogonal to the plane of rotation of the feurbar linkage so that
the sampler is free to be laterally displaced a certain amount in any
direction if the abrading head strikes an inclined surface such as the side
of a rock. This allows the sampler to seek a position for sampling which
introduces no side thrust to produce bending and consequently binding of
the helical conveyor. A total vertical travel of two feet is available
which means that samples can be obtained at a considerable depth below the
surface; however, the rate at which this sampler will penetrate cohesive
material is so low that it should be considered in the category of a near
subsurface sampler.
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Sampler 6, JPL Soil Auser Sampler
This soil sampler was deveioped by JPL to be a shallow subsurface sampler
that should disturb the soil a minimum amount in the act of sampling.
This sampler is shown in Figure 4-9. The sampling head is a tapered
helical screw with a lead angle compatible with the axial feed rate so
that the auger will tend to screw itself into the soil. The feed mechanism
is similar to that described for sampler 5. A microswitch is activated
by the deflection of the feed lead screw support structure to limit the
axial thrust to a value of 5 pounds.
After the auger has penetrated to its maximum depth the direction of rota-
tion of the feed lead screw is reversed to pull the auger out of the soil.
The auger does not rotate during this operation and therefore carries the
soil sample up into the sample collection chamber on the flutes of the
auger. When the auger is fully retracted the auger goes into a high speed
spin transferring the soil sample to the collection chamber by centrifugal
action. In a manner similar to the downward feed, the deflection of the
upward feed is utilized to activate a microswitch which will cause the
auger to rotate slowly backwards_ This will unscrew the auger from the
soil until the axial force required to lift the sample falls within the
capabilities of the sampling mechanism. This is a protective mechanism
designed to prevent the entrapment of the auger which would prevent the
acquisition of any sample. This feature will allow several attempts to be
made to sample which will increase the probability of successfully collect-
ing a sample.
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Sampler 7, JPL Helical Conveyor Sampler
This is an earlier model of a helical conveyor sampler developed by JPL.
This sampler uses the same feed and driving mechanism that was used for
sampler 5. The tip of this sampling mechanism is shown in Figure 4-10.
The basic difference between this mechanism and the helical conveyor used
on sample 5 is that the helical transport screw does not run in a rubber
lined housing but rather in t1_e end of a stainless _teel housing. The
sampling head is also much more elementary in that tt consists of a flat
blade brazed to the helical conveyor. With this construction the abrading
tip is forced to spin at the same rate as the helical transport screw
which is a fairly high rpm. The cutting tip abrades a hole into the soil
to provide clearance for the helical conveyor housing. Soil sample
transport begins as soon as the cutting head has abraded a hole suffi-
ciently deep so that the tip and end of the housing are buried in loose
soil particles. The sample is delivered at the top of the helical con-
veyor housing in the same manner as was described for sampler 5.
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Sampler 8, JPL Dra$1ine Sampler
This sampler is a relatively simple mechanism built by JPL for the purpose
of filling out the complement of samplers to be field tested in this pro-
gram and is shown in Figure 4-11. This sampler consists of a slender
cylindrical body with anogive shaped nose. Helical slots are cut in the
nose with one edge upset slightly to act as an abrading surface to scoop
soil from the surface of the ground. Mounted on the tail end of the
sampler are six small fins set at a helical angle such that it will
cause the sampler to rotate as it is being drawn over the surface. The
rotation caused by the fins sweeps the openings in the nose across the
surface, thereby enhancing the collecting action of these openings. A
helical fin is mounted on the inside surface of the cylindrical body
which is designed to help transport the soil away from the openings to the
rear of the body as it rotates. It should be pointed out that this sampler
was built in a very short time with a minimum of design effort being
expended. It was intended primarily to determine the feasibility of this
type of sampler since it is attractive in terms of obtaining samples from
remote locations on an unmanned planetary mission. Although intended to
be launched ballistically, it was hand emplaced like sampler I. However,
the retrieval was simulated by reeling the sampler in with a fishing pole
and reel.
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Sampler 9, Philco-Ford VCS Sampler
This sampler is shown in Figure 4-12. In operation the drive motor rotates
the canted feed roller assembly which drives the sampler down the support
tube. These rollers are mounted on torsion bars which spring load the
rollers against the support tube. As load is applied, the thrust forces
acting on the rollers cause them to deflect to small cant angles, thereby
reducing the feed rate so that it is consistent with the penetration rate
of the sampler. A maximum thrust of about 15 pounds is produced by this
feed mechanism. After sampling for some given period of time or until
full extension activates the return, the rotation of the sampler drive
motor is reversed. This causes the sampler to retract up the support tube
until the motor carrier hits the end closure. When this happens the
canted feed rollers continue to advance up the support tube by virtue of
a slip joint between the canted feed roller assembly and the motor carrier
assembly. This action engages a friction clutch connected to a gear train
with a high rotational speed output. This rotates the sampling head at a
high enough rate so that the soil sample is transferred by centrifugal
action to the sample collection chamber. The low speed gear train is
connected to the drive shaft through overrunning clutches which allow the
sampling head to spin at the high rate during the sample transfer. The
sample is transferred onto a one millimeter mesh screen and is shaken
through this screen to divide the sample in a coarse fraction and a fine
fraction. The shaking action to perform the sieving is provided by the
sampler head bouncing in the support tube during the high speed spin.
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Sampler i0_ Philco-Ford DWB Sampler
This sampler is shown on its support stand with the telescoping boom
retracted in Figure 4-13. The essential parts of this sampler consist
of the sampling head assembly, the telescoping deployment boom, and the
boom extension control gearbox assembly. In operation the boom is ele-
vated to a vertical position and extended to its full length. As developed
at the end of the preceeding contract, the extension was to be accomplished
by closing a valve at each end of the boom and then pressurizing the boom
with gaseous nitrogen. The rate of extension is controlled by the rate at
which the extension control tapes are deployed by the extension and eleva-
tion drive motor. After complete extension the sampler is lowered to the
surface and the boom is retracted slowly by the extension control tapes.
The sequence controlling'elevation, extension, and valve operation was
achieved through slip clutches, overrunning clutches, and by reversing the
direction of rotation of the sampling head and extension drive motors. The
sample acquisition is accomplished in two modes by this sampler, referred
to, respectively, as pneumatic and mechanical.
In the pneumatic mode, the smaller lighter soil particles are transported
in an airflow induced through the wire brush shroud and the inside of the
telescoping boom to a cyclone collector mounted on the boom support struc-
ture. The airflow is induced by a vaneaxial blower mounted at the exit to
the cyclone collector. The heavier particles are collected mechanically
in a cavity provided in the wire brush shroud. After the sampler traverse
over the surface has been completed, the boom is again erected to a vertical
position which allows the soil sample to fall down the boom and be trans-
ported into the cyclone collector sample collection bottle. The pneumatic
snubber system indicated in Figure 3-22 was incorporated to reduce the load
on the elevation gear train during deployment and also to allow some control
of the normal force acting on the wire brush sampling head while it is
sampling.
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Sampler ii, JPL Vacuum Cleaner Sampler
This is a closed cycle vacuum cleaner type breadboard sampler built by
JPL to investigate another approach to the use of pneumatically collecting
a sample from the surface of a soil shown in Figure 4-14. It essentially
consists of a centrifugal blower mounted in a housing. A vortex flow is
generated at the inlet to the blower which tends to pick up loose soil
particles lying on the surface. These particles are carried through the
impeller of the blower and discharged into an annular housing. Vertical
partitions oriented radially from the periphery of the blower to the outer
wall of the housing serve to reduce the rotational velocity of the dis-
charged air and entrap the soil particles as the air flow doubles back
inwardly to pass again through the annular discharge nozzle. It is neces-
sary to disassemble this sampler partially to retrieve the collected sample.
This sampler is expected to only acquire any loose particles which might
exist on the surface. A felt ring mounted on the lower outer edge of the
sampler housing is intended to act as an air seal when the sampler is
resting on a relatively flat surface. The air circulation then flows into
the inlet of the centrifugal blower, through the housing, and back out of
the housing through an annular slit located near the inner edge of the
felt seal. This produces a recirculating flow which probably enhances the
sample acquisition capability of this sampler.
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In order to clearly identify the sample collected by each sampler, a
system for marking each sample container was set up. Each sample would be
identified by a number corresponding to the sampler numbers already dis-
cussed and a letter corresponding to the soil model being sampled followed
by another number designating the sequence of the run. In the case of a
wind run an additional symbol consisting of a square block with a number
in it is used to designate the type of run. For example, run number
IA3 1 would be the sample acquired with the Litton Aerosol sampler on the
Kelso dune sand. It is the third run made at this site and was run in the
wind with the wind blowing across the sampler's path. In addition, the
date and time of day was also marked on each bottle.
The test matrix that was proposed before going into the field is given in
Table 4-4. The matrix as actually completed is given in Table 4-5. Com-
paring this matrix with the proposed test matrix, a total of 164 runs were
actually made instead of the 152 proposed. Samplers numbered 3, 5, and
I0 were not tested in all the soil models because of mechanical failures
which could not be repaired in the field. A copy of all the raw test data
sheets was made and forwarded to JPL for their use after returning from
the field.
All the soil samples were retained by Philco-Ford for further analysis of
the mechanical performance of the sampler and the biological testing as
noted on the test matrix. It was found that sufficient effort was required
to complete the actual sampling attempts with the samplers and record the
data so that it was not efficient to attempt to perform an analysis of the
samples in the field. Even the relatively simple task of weighing a sample
proved to be too time consuming.
The sequence of testing at the various sampling sites was arranged in an
order which would subject the sampler mechanisms to the least hazardous
models first. It was felt that in this way a maximum number of runs could
be made before a sampler mechanism failed or was damaged. A plot plan at
each test site for each day spent at that site was recorded. These plot
plans show the size and orientation of the test site as well as the rela-
tive positioning of the sampling runs made at any given site on any given
day. This record proved to be very useful when the data was reduced and
evaluated. Many photographs*at each of these sites was made and the plot
plans helped to sort out the pictures and identify specific conditions
from the photographs which would not have been possible otherwise. The
plot plans are presented in the sequence that the sampling was accomplished
in Figures 4-15 through 4-25 at the end of this section. Photographs of
each of these test sites showing the general test area and the surface
detail existing at each site are given in Appendix B.
Where appropriate, control samples were taken at each test site by the
conventional method of digging up a sample with a trowel and placing it
in a plastic bag which was heat sealed. A control sample was procured
Generally a minimum of one black and white photograph was made for each run.
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from each corner of the test site resulting in four control samples for
each site except the basalt models. These control samples were used in the
biological assays and viability analyses and were also subjected to a par-
ticle size analysis. The particle size distribution for these control
samples are given in Appendix D as are the distributions for some of the
samples obtained with the sampling mechanisms.
A brief review of the operations unique to each test site is given in the
remainder of this section.
The first site sampled was the Kelso Dune, site A. This site was 118 miles
from Barstow so that the site was reached rather late in the morning. It
was found that the four wheel drive vehicle could not negotiate the loose
sand so all the equipment and samplers had to be hand carried to the test
site. Power was made available from the trailer mounted alternator through
the use of long extension cords. It was discovered that the sand was very
moist at a depth of 6 to 8 inches below the surface. Investigation by
members of the team found this to be true at the other dunes in this area,
even at considerable distances from the test site. According to local
inquiries, the last rain in the area had fallen in August. Most of the non-
wind tests were completed on the first day. The remaining tests and all the
wind tests were completed on the second day. While at this site some motion
picture coverage of the operations was obtained by a JPL cameraman.
The second site sampled was site B, the duricrust model located in a dry
lake near Pisgah Crater. Operations at this location were very simple since
the surface was very flat and smooth. At this location it was possible to
back the trailer mounted alternator over the test plot and utilize the
mounting rings provided for mounting the samplers. This reduced the set-up
time considerably; however, more problems were encountered in the operation
of some of the samplers than had been expected. Sampling at this site was
completed in 1-1/2 days.
After the tests were completed at site B, the operations were moved to
site F, the desert pavement soil model located at Pisgah Crater. At this
site it was again impossible to move the trailer into the test site. It
was possible to get it sufficiently close so that the alternator could be
used to supply power as needed for the various samplers. Only a few runs
with some of the more easily operated samplers were made on the first day
at this site since it was reached rather late in the day. It was at this
site that sampler I0 finally failed to the extent that it could not be
repaired without the facilities of a machine shop. Sampling operations
were completed at this site at noon of the second day.
Operations were moved to site E, the compacted cinder model referred to
earlier in the program as the welded tuff. This site was also at Pisgah
Crater and was also accessible enough to allow positioning the trailer
over the test site. Sampling operations were started at this site in the
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early afternoon and most of the non-wind runs were completed. It was at
this site that non-repairable failures occurred in sampler 3 and 5. The
wind runs were completed by noon and operations were then moved to site C.
Sampling at site C, the pahoehoe basalt model, was initiated soon after
leaving site E. These sites were close together and it was again possible
to bring the trailer up to the test site. Because the number of samplers
in working condition had decreased due to mechanical failures and the
nature of this test model, it was possible to complete all the test runs
very quickly at this site. None of the samplers were designed for this
kind of surface and as a consequence no sizeable samples were acquired by
any of the samplers. At this site the operation mode used for sampling
with sampler ii was changed. Previously this sampler had been placed in
one spot and run for 1 or 2 minutes. Because of the bare rock surface, it
was decided that a traversing effect be simulated with this sampler by
placing it randomly at i0 different locations with a run time of 30 seconds
at each location.
Sample site D, the aa basalt model was very near site C and three of the
simpler samplers were hand carried to this location and four test runs
completed. This test site was much more inaccessible than the previous
sites were. Early in the morning of the next day, it was felt that the
tests might be completed using battery packs to power the samplers. It
was possible to run several of the samplers in this manner but the battery
packs proved to be inadequate for sampler 9. The trailer mounted alter-
nator was then moved into a position close enough to the test site to be
used with the four wheel drive vehicle. Testing at this site terminated
the operations in the field.
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4.2 SAMPLERPERFORMANCE
This section discusses the results obtained in evaluating the field test
data and examining the various mechanismsin more detail to determine the
causes of malfunctions. The performance of the sampler mechanismis dis-
cussed from two different viewpoints. The first is in terms of the
mechanical operation of the mechanismand the second is in terms of the
sample acquisition characteristics.
4.2.1 MECHANICALPERFORMANCE
Considering the varying levels of development of these mechanisms, the
true potential value of a particular concept as a soil sampler could
easily be obscured by the mechanical failures that occurred in the field
tests. In somecases these failures could be attributed to the use of
short cut*fabrication methods and substitute materials. In other cases
it could be the result of inadequate design resulting in understrength
parts while in still others it could be a fundamental error in the design
concept. Only three of the eleven sampler mechanismssuffered mechanical
failures which prevented the completion of the proposed test matrix for
these samplers. Thesewere sampler 3, sampler 5, and sampler i0. In each
case, the malfunctions were of a progressive nature in that each succeeding
run seemedmore susceptible to failure after corrective maintenance had
been applied in the field. There were four samplers which incurred no
mechanical failures in the field tests. These are identified in Table 4-6.
TABLE4-6
SAMPLERSEXPERIENCINGNOMECHANICALFAILURE
Sampler
No.
4
6
11
Sampler Type
Pantograph Deployed Scoop
Soil Auger
VCS Sampler
Closed Cycle Vacuum
Cleaner Sampler
Developed By
Hughes Aircraft
JPL
Philco-Ford
JPL
This is not to be interpreted as meaning that defects in the functional
operation of these samplers do not exist nor that they represent optimum
designs. Only sampler 4 can be considered to be a fully developed sampler;
however, the use of this mechanism on an unmanned planetary probe which
operates automatically will undoubtedly demand further development. The
* Used to reduce costs.
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remaining portion of this section will discuss the mechanical performance
of each sampler in sequence for those samplers on which pertinent obser-
vations can be made.
Sampler I, Litton Aerosol Sampler
This sampler was relatively free of mechanical trouble in terms of part
failure. The sampling head was pulled loose from the rubber pneumatic
transport and gas supply tube twice. Field repairs were made. It was
also noted that the spring driven take-up motor became progressively more
difficult to rewind which could be alleviated by readjusting the spring
motor mechanism. Since this sampler was designed as a one shot device,
this cannot be considered a mechanical defect.
In terms of the operational characteristics of this sampler it should be
noted that deployment of the sampling head and tubing was not accomplished
as intended because previous experience in runs at JPL indicated that
deployment in this manner was erratic. The head when deployed in this
manner follows an uncontrolled trajectory sometimes resulting in early
contact with the ground while at other times the head would deploy the
full length of tubing sufficiently to stretch and cause it to rebound
again resulting in a short range deployment.
The action of the tubing and sampling head depended strongly on the type
of surface being traversed. For smooth surfaces such as sand and duri-
crust, the head was retracted smoothly and continuously over the surface.
Where the surface texture was rough as in all the remaining field test
sites, the sampling head would hang up and the rubber tubing would begin
to stretch. In most cases the sampling head would eventually break loose
at which time the strain energy stored in the tubing would cause the
sampling head to advance in a rapid jerk or jump, usually in distances
of one to two feet. Once on the pahoehoe basalt and almost invariably on
the aa basalt, the sampling head would hang up sufficiently to either
stall the retraction motor or to pull the head loose from the tubing.
Sampler 2, JPL Open Flow Abradin$ Cylinder Sampler
This sampler exhibited only one structural failure in the field. This was
a failure in the soldered joint between the abrading cylinder and the end
closure through which power is applied to drive the sampler.
Several modifications were made in the field as the testing progressed
from one site to the other in order to maintain operational effectiveness.
By referring to Figure 4-5 it can be seen that a wide flat shield was
affixed to the boom ahead of the sampler. The purpose of this shield was
to prevent the sampler from burying itself too deeply in the sand which
would ultimately choke off the pneumatic flow into the abrading cylinder.
This shield was removed at test site E (compacted cinders). At sites
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E and F the gravel size material whose size approximated that of the
clearance between the shield and the abrading cylinder would become
jammed in this clearance. In most cases reversing the rotation of the
abrading cylinder would free it, but subsequent jamming would recur
shortly. At sample site C (pahoehoe basalt) a similar type of jamming
occurred between the remaining shield support structure and the abrading
cylinder with a fragment of basalt dislodged at a fissure in the surface.
Another modification made at sites A and B was a brush clamped to the
shield structure to wipe over the surface of the abrading cylinder. At
these sites the abundance of fine grained material tended to plug the per-
forations in the abrading cylinder resulting in reduced sample acquisition.
The brush bristles helped keep these perforations open by wiping the excess
soil off of the cylinder. The brush was removed in the other sites and
was found to be unnecessary since the larger rocks prevented this accumu-
lation of fine material on the abrading cylinder.
Sampler 3, JPL Closed Flow Abradin$ Cylinder Sampler
The diagnosis of the mechanical failure for this sampler was completed after
returning from the field trip by JPL personnel. This sampler failed after
three runs, totaling six minutes running time in soil model A (Kelso sand
dunes). The failure was loss of bond between the silicone rubber valve
seal and the rotating member of the valve mechanism as shown in Figure
4-25. Rebonding was attempted in the field, but failure occurred, stall-
ing the motor after one minute of running time during the first run on
soil model B (duricrust).
The failure is believed to be attributable to insufficient development of
the rotating seal rather than any particular characteristics of the soil
models encountered. This failure was not unexpected since similar fail-
ures have occurred in the laboratory, but low priority on this item has
delayed its full solution. It is felt that an adequate bonding technique
is achievable and that the use of a foamed silicone rubber for the valve
will result in improved performance.
Sampler 4, Hushes Backhoe Sampler
As noted previously no mechanical failures occurred with this model. No
operational problems such as lack of power was observed. When the scoop
was driven down to preload it during a sampling, considerable deflection
of the pantograph boom mechanism was observed but did not interfere with
its operation. On several occasions it was observed that rocks or large
flakes of cemented material were wedged into the scoop so that they
would not dump when the clamshell was opened. In several soil models, C,
D, and F, the scoop was caught or hung up which resulted in the test stand
being dragged over the surface until the scoop broke free.
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FIGURE 4-26.  VALVE FAILURE ON SAMPLER 3 
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Sampler 5, JPL Deep Abradin$ Cone Sampler
The diagnosis of the mechanical failure of this sampler was also completed
after returning from the field trip by JPL personnel. Failure of the
transport screw as indicated by intermittent binding or motor overload
occurred in the first run in soil model B (duricrust) after 3 minutes of
running. The sampler made 2 runs totaling 12-1/2 minutes in the sand
dunes where it performed normally. The transport screw and silicone rubber
casing were new ones installed for the field test and had only been
operated for a short period in the laboratory; however, numerous runs had
been made, both in the laboratory and in the arroyo adjacent to JPL's
east parking lot in various soil models with no difficulty using the
original hardware.
The failure, as will be noted in Figure 4-27 was a bond failure of the
soft solder between the beryllium copper helix and steel (drill rod)
shaft. It is noted that a bond failure at the bottom end of the helix
would cause the helix to unwind on the shaft which would increase the
diameter and cause friction between the helical screw and casing to
increase. The helix shaft bond had not failed at the bottom but had at
various locations, predominantly near the midpoint. Here the helix was
badly distorted, pulled loose from the shaft, and increased in diameter.
This increase in diameter could only occur through elongation of the wire
forming the helix or as a result of a clearance fit on the shaft before
final assembly by soldering. Of these two possibilities, the latter is
considered more likely. The increase in diameter of helix and the dis-
tortion of the helix would result in an increase in friction between
screw and casing and a decrease in transport ability in the distorted
area; this would result in jamming of transported material at this point
since material would be transported up to the point but not past it; thus,
friction would increase until a motor stall occurred. When this occurred
the motor was reversed alternately and the sampler tapped in order to try
to remove the material from the transport screw, finally freeing the
screw. Upon trying another run (5B2) the unit delivered samples for a
while and then bound up. After freeing, the sampler was tried on runs
5FI, 2 and 3 in soil model F (desert pavement) and delivered samples in
the first 2 runs before binding up. On the last run the screw would
intermittently bind up and free itself, but wasn't delivering any appre-
ciable sample after 2 minutes - 15 seconds, so the test was terminated.
At this time the helical conveyor was removed from the casing and found to
be as shown in Figure 4-27. This sampler was not used in any further
testing in the field.
The conclusion arrived at for the failure of sampler 5 is that the failure
was attributable primarily to improper helical conveyor fabrication. The
screw should be machined integrally with the shaft or the helix should fit
snugly on the shaft and be attached by silver-solder. Two silver soldered
screws (hard chrome plated) were being fabricated but were not finished in
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FIGURE 4 - 2 7 .  HELICAL CONVEYOR FAILURE ON SAMPLER 5 
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time for the field trip. Machined screws were investigated but found to
be too expensive to make in this length for a breadboard. A contributing
cause of the failure is believed to be the clay-like soil in which the
failure occurred. This material compacts readily which results in greater
frictional torque than any other soil model tested to date. It is pos-
sible that this caused enough heating to raise the soft solder temperature
- not necessarily to its melting point - but enough to weaken it. This
loss of strength combined with the high friction could possibly have caused
the soldered bond to fail.
It should also be noted that the distortion of the screw shown in Figure
4-27 was the result of excessive torque manually applied to the screw in
efforts to free it.
Sampler 6, JPL Soil Auser Sampler
No structural failures were observed for this sampler; however, there
seemed to be some malfunctions associated with the load sensing circuits
and relays in controlling the auger drive and feed motors. At test site B
(duricrust) the auger failed to achieve its maximum penetration. It was
observed that the auger would reverse and back itself out part of the
time during the dig cycle. This was probably caused by the torque sensor
designed to prevent the auger from stalling. It was also required to
apply a vertical force to the sampler support structure to keep it from
lifting off of the surface. Based on these observations it was surmised
that the cohesive nature of this lightly cemented fine grained material
was stronger than had been anticipated. To obtain a rough check on the
force required to pull the auger from the ground, the auger was driven
into the ground until full penetration was reached and the vertical force
required to pull it manually out of the ground was recorded. This was
in the order of 25 to 30 pounds including the weight of the sampler which
is about 8 pounds. The maximum penetration achievable is 3.38 inches and
the average diameter of the auger approximates one inch. Assuming that
two thirds of the length of the auger is effective in shearing the soil,
this results in a soil shear strength of 2.7 to 3.5 psi. A sampling
attempt was then made in which the auger was allowed to penetrate only
one inch before retraction was initiated. In this run, the torque acting
on the sampler support structure was reacted manually but no additional
vertical force was applied. Complete penetration was achieved in this
manner with repeated incremental advances.
The total amount of soil collected was 62.8 grams. This was about five
times as much sample as was collected in each of the two preceeding runs.
At test site F (desert pavement) the sampler operated in the manner it
was originally intended; however, at test site E (compacted cinders)
additional normal force was again required to hold the sampler support
structure on the surface and complete penetration was not achieved.
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Sampler 7, JPL Helical Conveyor Sampler
Although the complete field test as proposed on the test matrix was essen-
tially completed with this sampler, it was another sampler for which com-
plete failure diagnosis was performed by JPL personnel after returning from
the field tests. This sampler suffered a number of failures, most of which
were relatively minor. On the first run at test site A (dune sand), the
conveyor casing slipped down until it touched the drill bit. In this
position the sample particles do not enter the helical screw and hence no
soil transport occurs. This was easily remedied by adjusting the conveyor
casing in the field. On subsequent runs at this site, samples were
transported. It was observed that the sample being delivered was gray in
color rather than tan like the original sand. After a minute or so of
operation the casing had heated enough to be detectable to the touch.
This test was terminated after 5-3/4 minutes because the drive motor
appeared to be loading down.
At test site B (duricrust) one of the more successful runs were made. A
total depth of penetration attained was ii inches in 5.7 minutes of running
time. At this depth the motor again overloaded and the test was terminated.
At 3.3 minutes of run time and a depth of 6 inches a decided change in the
character of the noise generated by this sampler occurred for a few seconds.
It is possible that this was caused by some subsurface obstruction which
was momentarily encountered or, which appears more likely in retrospect,
by a momentary binding of the conveyor which cleared itself.
At test sites E and F it was observed that this sampler characteristically
would whip about rather violently when initial contact was made with the
larger rocks. The helical conveyor and casing for this sampler is much
more slender and flexible than that used on sampler 5. The whipping would
cease after the sampler had fed down sufficiently to form a hole which
stabilized it. Occasional stalls were observed where the cutter tip engaged
a large rock on one edge or was wedged in a crevice. On run 7El, the cutter
tip was sheared off of the conveyor shaft to which it was attached, evi-
dently by wedging between rocks while running at full speed, approximately
1600 rpm. It was silver-soldered back on. This may have damaged the soft
solder bond between the screw helix and the shaft at the lower end. On
most runs, the transport screw torque hence motor torque, increased during
the run causing the motor to stall. After clearing transported material
from the screw-casing normal operation could be restored. When the screw-
casing assembly was examined after completion of all testing, it was found
that:
(I) The helix to shaft solder joint was completely broken
full length.
(2) The helix was badly worn and the casing was both worn
and belled at the entrance.
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This failure of the helix to shaft bond is shownin Figure 4-28.
The conclusions arrived at is that both the major portion of wear and the
failure of the helix shaft solder bond occurred in the first few runs at
test site A (dune sand). An excessive torque, heating of the casing, and
communition of the sand, together with high motor torque, were observed
here. High motor torque and stalling in subsequent soil models was
probably caused or at least aggravated by the unbonding of the helix
from the shaft. Wedgingof the drill tip between rocks with consequent
stalling of the drive motor was undoubtedly greatly aggravated by the
drill tip design, (i.e., flat shape 5/8 x 1/8 inch). This sampler was put
together shortly before the field trip and it was necessary to use material
on hand. It was recognized that, a 5/8 inch drill tip was unnecessarily
large to clear a 1/4 inch casing (5/16" - 3/8" would do) but it was felt
that this size might increase sample acquisition in cohesive material.
The tests proved that the flat shape - having two cutters is very poor
from the standpoint of susceptibility to jamming between rocks or in
crevices. It will be replaced with a 5/16 to 3/8-inch diameter multi-
cutter bit. The helix bond failure can be prevented thru the use of a
machined or a silver soldered screw. With regard to the excessive torque
required in the sand, this has been recognized for some time and additional
helical conveyor parametric studies are contemplated. The excessive wear
of the screw and casing presumably can be alleviated through the use of
suitable materials. This also has been under investigation for sometime
by JPL.
Sampler 8, JPL Dra$1ine Sampler
This sampler testing represents only the acquisition portion of a sampling
system of this type. The fins set at an angle to the axis of the sampler
did cause the desired rolling action but only at test site A (dune sand)
and at test site F (desert pavement). Some rolling occurred also at test
site E (compated cinders) but was not as predictable. At this test site,
it was necessary to replace the original test line with a stronger line
because of breakage of the line. The original line had a strength of 20
pounds test. This line was a teflon coated fiberglass cord. It was
replaced with a cotton cord of unknown strength but of a sufficiently
large diameter so that further breakage was not incurred. On the soil
models B (duricrust) and C (pahoehoe basalt), the fins acted as skids and
no rolling occurred. It is concluded that if the length of the fins were
increased and the height of the fins were reduced to some small value,
in the order of a tenth of an inch, that better rolling action could be
achieved in a larger variety of soil models. Also, the addition of wire
bristles along the trailing edge of the inlet scoops, for, say the first
two-thirds of the inlet opening, would probably improve the action of this
sampler on cohesive or irregular soil models by abrading the surface and
directing particles toward the inlet openings.
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FIGURE 4-28.  HELICAL CONVEYOR FAILURE ON SAMPLER 7 
4-59 
Sampler 9, Philco-Ford VCS Sampler
The mechanical performance of this sampler has been described in detail in
Section 3.1.2 for the laboratory testing. The results obtained in the
field were very similar to those encountered in the laboratory tests.
Towards the end of the field tests, particularly at test site E, (compacted
cinders) it was observed that the high speed spin dump was again going into
the high frequency vibration mode described in the laboratory tests during
the spin dump. This was prevented on some of the runs by applying a slight
upward pressure at the point of the tip cutter to ensure positive engage-
ment of the spin dump clutch without introducing excess torsional resistance.
Sampler i0, Philco-Ford DWB Sampler
The complete failure diagnosis of this sampler was accomplished at Philco-
Ford after returning from the field tests.
On the first test run in the field at site A, a pneumatic erection and
extension of the boom was attempted, partly to ensure the recording on
motion picture film of this sequence of the deployment operation. The boom
did elevate and extend but the pneumatic leakage was excessive. The supply
pressure from the nitrogen bottle dropped from an initial value of 2400 psi
to 1230 psi during this operation. Because of the inherent structural weak-
ness of the overrunning clutches observed in laboratory operations, the boom
was manually lowered to the surface and the sampling sequence resumed. In
all the remaining field tests the boom was manually extended and deployed to
the surface as was done in the laboratory testing.
The DWB sampler had failures occurring in both the sampling head and the
boom deployment system of which the latter caused the more severe problems.
It was observed that boom extension became progressively more difficult
after reach run and that the drive motor on the extension gearbox was labor-
ing more and more heavily. The average current increased steadily from the
initial value of 2 to 2.5 amperes up to a maximum of 6 to 8 amperes. Periodic
stalls occurred with the current exceeding I0 amperes. This increased load
was due in part to increased friction between the boom segments, but careful
disassembly and diagnosis in the laboratory indicated that most of the load
increase was due to gear wear and seizure of bearings and rotating parts.
It was interesting to note that seizure of shaft and bearings occurred most
frequently in the very slow rotating parts rather than the high speed ele-
ments. A typical example is the sun gear shaft in the elevation gear train.
The outer end of the shaft is .560 inches in diameter and rotates at slightly
less than 2 rpm. Even though this shaft is not directly exposed to soil
particles, a sufficient number penetrated into the bearing surfaces which
caused galling and finally seizure. This bearing surface is steel to steel
and was run without lubrication.
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Other failures occurred in the boom extension gear box which probably con-
tributed to the high loads observed and accelerated the wear on the spiroid
gear. These failures are itemized in Table 4-7.
Conclusions regarding the mechanical performanc e of this sampler were
summarized in Section 3.2.2.
Sampler ii, JPL Vacuum Cleaner Sampler
This sampler is an elementary breadboard model and extensive discussion
of the mechanical performance is not necessary. No malfunctions were
observed. The centrifugal blower does appear to be more promising in
terms of generating the requisite flow to transport soil particles pneu-
matically.
4.2.2 SAMPLER ACQUISITION PERFORMANCE
The sample acquisition performance of the samplers was evaluated in three
ways as follows:
(I) Determination of size of sample delivered by
weight measurement.
(2) Examination of particle size distribution and
comparison with the control sample distribution.
(3) Biochemical assays a_d viability analysis.
The results of the biochemical assays and viability analysis are given
in Section 5. Because of the large number of runs made in the field
tests and the variety of soil samplers and soil models, the basic data and
results are summarized in Table 4-8. Where it is convenient, the results
are tabulated directly in this table. The bio-assay column lists a "B"
for those samples on which biochemical analyses were performed and a '_"
for those samples on which a viability analysis was performed. The par-
ticle size distribution column refers to the appropriate figure number in
Appendix D for those samples which were analyzed in this manner.
Before discussing each sampler's performance individually, some general
observations can be made on sample acquisition. The primary or funda-
mental measure of a sampler's performance in acquiring a sample is the
amount of sample collected since any sample is better than no sample at
all. Once a sample is acquired it is then important to know what, if
anything, the sampler has done to the sample to alter its form, composi-
tion, or biological content. The ordering of these qualifications in
importance is determined by the end use intended for the sample. A bio-
logical experiment would be most concerned with preserving the biological
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Sampler Run
Description No.
Aerosol IAI
1 Sampler IA2
Litton Ind. IA3[_
Abrading Cyl- 2AI
2 inder- Open 2A2
Flow Tra_port 2A3
JPL 2A4_
Abrading 3AI
3 Cylinder 3A2
Transport 3A3MI
Pantograph 4AI
4 Deployed 4A2
Scoop 4A3
Hu_hes Aircrft 4A4F[I
Deep Abrading 5AI
5 Cone Sieve 5A2
JPL
Soll Auger 6AI
6 Sampler 6A2
JPL
Helical Con- 7AI
7
veyor Splr-JPL 7A2
8A
8AI
8A2
8A3[]
8A4 []
8A5 []
9AI
9A2
9A3
9A4
9A5
9A6
9A7['1]
Drag Line
8 Sampler
JPL
VCS Sampler
9
Philco-Ford
DNB Sampler
i0
Philco-Ford
Closed Cycle
II Vacuum Cleaner
Sampler
JPL
lOAf
IOA2
iOA3
10A4
10ASm
10A6r)1
10AT[]
IlA_
IIA2
llA3
A
KELSO DUNE SAND
Run Part
Time Wgt Bio Size Run
sec Grams Assay Distr No.
- 113.9 B&V IBI
90 79.0 B&V D-22 IB2
240 74.3 IB3FI1
150 4,6 V 2BI
150 7,4 2B2
120 17.4 V D-24 2B3r[1
_20 391p
- 5.8 V 3BI
135 9.1 D-26 3B2 I
120 11.6
30 [78.0 V D-27 4BI
30 [55.0 V D-27 4B2
60 [75.2 V 4B3
- [60.9 4B4F[]
420 [01_0 5BI
330 88_5 V D-28 5B2
45 29.2 V D-29 6BI
- 24.2 V 6B2
6B3
7BI360
345 L
- 8BI
30 71.5 V D-30 8B2
30 63,9 V 8B3
20.9 8B4 []
- 20.3 8B5_I
- 13.6 8B6
120 33.7 B&V 9BI
60 20.9 V 9B2
60 19.5 V 9B3_
30 15.8 V 9B3[]
20 16.2 V D-31
_0 13.4 V
120 66.2
T,
SUMMARY OF DAT
B C
DURICRUST PAHOEHOE BAS,
Run Part Run
Time Wgt Bio Size Run Time Wgt
sec Grams Assay Distr No. sec ;rams
- .02 B ICI 360 .I
- .04 IC2 - .I
- .04 IC3_ 360 .@
70 L 2CI 360 .I
90 15,6 D-36 2C2 316 .3_
- 15.3 2C3_ 180 .0
180 .34 V
60 .05
20 26.4 D-38
20 120.4
20 55.6 V
- 96.8
181 11.2 V
244 4.9 D-39
60 21.2 V
75 13.6 D-40
62.8
342 34.7 D-41
60 Trace
30 Trace
15 .7 V
- .6
- 1.7
- 4,0
120 46.9 B&V
60 91.9 B&V
60 1.7
60 20.3
300 32.2 B&V lOB1 - -
- lOB2 - 18.2 B&V
225 i86.8 B&V D-32 lOB3 255 35.0
300 L78.0 10B4[] 290 15.8
- 10B5[] - 34.5
180 78.6
210 72.5 D-32
60 67,5 V IIBI 120 Trace
30 57t3 V lIB2 120 -
15 27,0 D-34 lIB3 - 3.6 V
lIB4[] 60 Trace
D-43
n-44
D-45
4CI 60 Trac,
5CI 90 -
9CI 120
llCl Trao
nc2 m
_BLE 4-b
I
I
FOR FIELD TESTS
LT
?art Run
Bio _ize
AssaY)ist r No.
,V IDI
V In2
V 2nl
V
4DI
4D2
6DI
6D2
D
aa BASALT
_un
rime Wgt Bio
sec Grams Assa)
360 Trace V
- q'ra_ V
450 .ol V
133.h
45 ['race
20
V 7DI 90
7D2 60
8DI -
9DI 120 50.8!
9D2 5 -
9D3 12 -
Part
Size
Distz
Run
No.
IEI
IR2
Iz3m
2El
2E2
2E3_
4E1
4E2
4E3 []
5El
E
COMPACTED C_NDERS
Run
Time Wgt Bio
Grams Assay
sec
- 4.13 B&V
- 1.86 B&V
289 3.2
180 3.8 V
180 14,B
18o 9p
i
{
t
- 185.8
- 132o7
- 39_3
120 4.4_ v
i
6El - 7.6
6E2 - 34.8 V
6E3r_ - 17p8
7El 360 5.3
7E2 330 23,3 V
8El - -:
8E2[] - .05
8E3[] - _raze
i
L
9El 105 43.4 B&V
9E2 60 37.6
:9E3 105 39.4 B&V
9E4 120 46.7
19E5_] - -
19E6FI] 40 2.4
9E7[] 105 ii,i
9E8 , 600 31illl
F
DESERT PAVEMENT
Part Run
Size Run Time Wgt Bio PartSize
Distl No. sec ]rams Assay Distr
IF1 360 5.4 B&V
IF2 360 .5
IF3Fll 240 16
2FI - 74.4 V
2F2 120 2.5
D-47 2F3_ 90 54.9 D-59
D-49
D-51
D-53
D-55
3FI
4F1 - 188.1 V
4F2 - 149.8
4F3m - 90.1
_n-61
5FI - 38.0 V D-63
5F2 210 3.9
5F3 195 -
6FI 75 55.7 V
6F2 65 46.2 n-6&
7FI 240 .23
7F2 330 6.3
sFI
8F2
8F3[] - .09
8F4P'I - .20
9_1 120 117_A R&V
9_ 120 38.9
9F3°I 30 6.1
9F3-2 - 7.0
9F4_1 - 25.5
9F4_I - 36.5
- 4.3 B&V
- 43.8
IOFI
IOF2
D-67
D-69
D-71
lID1 240 Trace V IIEI 60 3_.I
lIE2 60 .05
llE2m 60 ,,07
V D-57 IIFI 60 3.42
IIF2 - Trace
11W3m 60 1_0_
V
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content and viability of any organisms that are contained in the sample.
A geological experiment would be most concerned with maintaining the com-
position and in some cases the form of the soil.
There is no firm criteria by which the adequacy of the size of the sample
can be measured. This is again a function of the end use in an experiment.
Most biochemical analyses require gram size samples; however, from a micro-
biologist's viewpoint the adequacy or useability of a sample may be met
by the collection of a single grain. Several Petri dishes containing an
agar culture media were in fact inoculated with samples of this type taken
from test site C (pahoehoe basalt) by one or two of the pneumatic or
aerosol samplers. Growth of bacterial colonies were observed on these
culture media. Most of the soil samplers tested on this field trip were
intended to collect samples in gram size quantities, although the collec-
tion of any measurable quantity of soil should be considered useful.
For this reason no attempt is made to make a judgment as to the relative
merit of the samplers tested. An attempt is made to assess the acquisition
characteristics of each sampler which could provide insight into the design
requirements for specific samplers that might be required in the future.
The samplers tested in this program could be classified in a general way
as semi-passive and active. Samplers i and II are examples of semi-passive
samplers in that no mechanical abrasion or digging of the surface occurs.
As a consequence these samplers are dependent on loose particulate material
being available on the surface. All the remaining samplers can be classi-
fied as active in that some abrasion or digging of the surface is attempted
with varying degrees of aggressiveness. In general, all the samplers
tested had no difficulty in acquiring a sample in sand. In most cases
these samples were very large. Most of the aggressive samplers which rely
on abrasion collected useable samples on the duricrust model. Varying
degrees of successs were achieved on the desert pavement and compacted
cinders, depending on the particular sampler involved and the mechanical
condition of the sampler. Except for a few very small samples, no sampler
mechanism collected a useable sample on either of the basalt models. It
should be pointed out that the aa basalt prevented the normal functioning
of the sampling cycle for the traversing samplers whereas the pahoehoe basalt
did not.
The results obtained in the wind runs indicated that no detectable degrada-
tion in sample acquisition occurred in most of the cases. In no run did
it prevent the acquisition of some sample and no mechanical malfunctions
were attributable to wind effects. In some cases there appeared to be
some effect on the particle size distribution. The specific effects of
wind will be discussed in the following paragraphs where the sample
acquisition characteristics for each sampler are reviewed.
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Sampler l.t' Litton Aerosol Sampler
This sampler acquired a measurable sample on all the test sites containing
particulate material. The sample acquired on sand was most abundant, in
the order of 80 grams for a typical four minute run. At the other test
sites the sample size was in the order of grams or fractions of grams. It
should be noted that the sampling head for this sampler is shaped so that
when it lies on a flat surface the cross-sectional areas of the flow path
are constant resulting in uniform flow velocities in the pneumatic trans-
port path. On the test sites with rough surface texture such as at site
E and F the sampler head is held up off the surface by the large rocks
providing a much larger flow path to the inlet port. Thus, only the flow
very near the inlet port achieves sufficient velocity to entrain the
aerosol particles lifted by the aerosol jet. This was observed as puffs
of dust emanating from under the periphery of the sampling head. Where
the gravel is very coarse the sampler head was canted sufficiently a large
part of the time so that the aerosolizing jet did not strike the surface
preventing it from lifting up soil particles to be entrained. At other
times the jet was pointed at the surface but was so high above it the
aerosolizing jet was not effective. It is noted, that although the duri-
crust is an ideal flat surface, very small samples were acquired because
no loose particles were available on the surface. Acquisition on this
soil model could probably be greatly enhanced by the addition of widely
scattered wire bristles along the leading edge of the sampling head since
this surface is easily abraded.
In the wind run at the dune sand test site, the collection capability of
this sampler was not degraded; however, it was noted that the sampling head
and the pneumatic transport tube were partially buried by sand piling up
against them. This finally resulted in choking the sampling head by
filling it full of sand causing the sample transport to stop before the
run was completed. While a normal size sample was acquired, soil particle
size analysis (Appendix D) indicated that the mean grain size was sl_ghtly
coarser for the wind collected sample. No noticeable effects of the wind
on the sample collection efficiency was noted in the results for wind
runs completed at the other test sites. It was observed that the action
of the wind on the tubing tended to cause the tubing to align itself with
the wind and that soil particles would collect and run along the upwind
side. This effect might be utilized to enhance collection with appro-
priate modifications to the head.
.Sampler 2, JPL Open Flow Abrading C_linder Sampler
This sampler also acquired samples at all the test sites containing par-
ticulate material. The quantity of sample collected ranged from a few
grams up to 50 to 60 grams; however, the most probable sample size appears
to be in the order of 15 to 20 grams. There were configurational changes
made in the field to this sampler as described previously. Runs 2AI and
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and 2A2were madewithout the brush wiping the cylindrical surface. It
is seen from Table 4-8 that these two runs acquired less sample than the
subsequent runs on sand and duricrust. This brush was removedafter run
2BI at the duricrust without any apparent degradation in performance. The
plugging of the perforations in the cylindrical shell was probably not as
severe because the surface was cohesive preventing the cylinder from
embedding itself and also because the material was easily abraded into
very fine sizes.
The sample collected by this sampler consistently had a broad distribution
with a meangrain size or peak around 70 to 80 microns in diameter. No
effects attributable to wind could be detected in the data. Physically,
the wind did tend to cause the boomto drift somewhatwith the wind.
The pneumatic transport for this sampler performed satisfactorily under
earth ambient conditions; however, other laboratory tests with pneumatic
transport at the very low pressures to be expected on Mars indicate that
this open flow transport will function marginally, if at all, under these
conditions. This is true of all the samplers using open flow pneumatic
transport such as sampler i, I0, and possibly ii. Onecondition observed
in the tests at the duricrust test site was that considerable fine material
was carried out with the effluent from the cyclone collector. Also, this
material exhibited a strong tendency to compact in the funnel of the
cyclone collector completely bridging across the opening. This resulted in
soil filling the cyclone collector rather than transferring to the sample
cup. The application of sharp blows or rapping on the side of the collec-
tor was required to jar the soil loose from the sides of the funnel and
cause it to fall into the sample bottle. The cone half angle in this col-
lector was about 30 degrees. Thus, it can be concluded that a muchsmaller
cone half angle should be employed in conjunction with a larger opening at
the funnel outlet. The application of a vibrator in conjunction with the
cyclone collector would also assist in preventing compaction or bridging
for this type of soil. Whether or not this bridging would occur in a
Martian environment remains to be investigated.
It is interesting to note that this sampler acquired a measurable quantity
of sample on test site C (pahoehoebasalt), run number 2C2. On this run
the sampler encountered a fissure in the surface which was large enough
for the cylinder to drop into it slightly. The sampler then proceeded to
traverse laterally along the fissure for a portion of the boomretraction
cycle. In so doing it pulled up fragments of rocks ahead of it. This
undoubtedly uncovered someloose material which the sampler collected.
Before conducting the tests at this site the sampler was disassembled
and mechanically cleaned. In so doing it was noticed that magnetic
material was adhering to the field magnets of the D.C. motor. These mag-
nets were wiped clean before reassembly. After run 2C2 the sampler was
again disassembled. The field magnets had again acquired a considerable
quantity of magnetic material (magnetite). It is conceivable that this
effect might be usefully utilized in a sampler used on a planetary probe.
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Sampler 3_ JPL Closed Flow Abrading Cylinder Sampler
No extensive testing with this sampler was possible due to the mechanical
failure of the valve described previously; however, the results obtained
in sand indicated that the particle size distribution was not significantly
altered. It would appear that the larger slot like openings in this
abrading cylinder are more suitable than the small round openings of
sampler 2. The small sample size in the order of I0 grams is probably not
indicative of the true capabilities of this sampler. The valve failure
may have been in progress during these runs contributing to degraded col-
lection efficiency.
Another interesting phenomena was noted for this sampler while testing it
at the Kelso sand dunes. Apparently an electrostatic charge was acquired
by the plastic and glass parts of the sampler pneumatic transport subsystem.
Sand particles were observed to be adhering to the inside walls of the
transparent Tygon tubing used for the pneumatic transport tube. A cloud
of sand particles were also suspended in the sample bottle apparently
repelled by a charge on the bottle. Sand particles were also observed to
jump off the surface of the dune and to cling to the outside of the
sample collection bottle which was near the surface. This effect was
sufficiently strong so that it appeared to impede the transport of soil
through the Tygon transport tube which could also account for the unexpec-
tedly low collection rate for this sampler.
Sampler 4, Hu_hes Backhoe Sampler
In general, this sampler acquired a consistently large sample in the order
of 150 grams at all the test sites consisting of particulate material.
This sampler does not materially affect the particle size distribution of
the soil except in the particle size range above one centimeter in diameter.
The distribution curves in Appendix D for this sampler are not complete for
the coarse material because the material larger than two millimeters which
is caught on the i0 mesh screen was not analyzed. The very large rocks
were removed before sieving. In fact gravel in diameters exceeding the
width of the scoop were obtained in several runs. Several instances
occurred of large rocks being wedged in the scoop to the extent that
they would not fall out when the sample was dumped. When large rocks were
in the soil being sampled, the clamshell failed to close completely in
almost every run. This allowed fine material to run out during the
elevation and traverse of the boom to the dump position. This did not
appear to seriously degrade the acquisition of a soil sample as indicated
by the large samples collected. It is noted that the timing on closing
the clamshell can be critical. If it closes after the scoop clears the
surface the sample is lost. Closing of the scoop isusually prevented by
the soil surface if the drive motor for the clamshell is activated before
elevation is attempted; however, the closing cycle is usually completed as
the elevation cycle begins.
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The cohesive nature of the soil at test site B (duricrust) limited the
depth to which the scoop would trench to about one eighth of an inch, even
when the elevation drive was used to preload the scoop downward. The
soil was broken loose in large cohesive flakes at this site. Again some
of these large flakes were wedgedin the scoop on several runs so that
they would not fall out when the samplewas dumped. The variation in
sample size as noted in Table 4-8 for this sampler was due primarily to
variations in the length of digging traverse rather than the performance
of the sampler. Qualitatively, the size of the sample collected on this
type of soil appears to be proportional to the length of the digging
traver se.
Wind effects on this sampler were most noticeable at test site B (duri-
crust). Flakes of dislodged material were continually blown out of the
scoop during the digging traverse. This did not prevent the acquisition
of a sizeable sample nor affect the particle size distribution since most
of the sample was delivered in the form of large cohesive flakes of
material. It should be pointed out that the wind velocity of 50 fps used
in these tests was chosen to provide the equivalent dynamic pressure of
the high velocity winds in the low pressure atmosphere of M_rs which have
been postulated.
A final observation madeon this sampler is that it was the only one to
collect a legitimate sample on soil model D (aa basalt). On run 4DI it
picked up a single loose fragment weighing 133 grams. Whether or not
such a sample is useful depends on the subsequent processing capability
that would be provided in a planetary probe payload. The probability
of acquiring this sample is extremely low. All other attempts madeat
this site resulted in no sample although the scoop did grab hold of project-
ing rocks. It was unable to moveor break these resulting in a stall
until the clamshell was released.
Sampler 5, JPL Deep Abrading Cone Sampler
Large samples up to i00 grams were collected by this sampler at the
Kelso sand dunes. Small samples in the order of grams were collected at
sites B, E, and F; however, repeated binding of the helical conveyor
indicated that mechanical failure causing degradation of performance was
in progress.
An important feature displayed by this sampler was that the helical con-
veyor used on this sampler did not cause an alteration of the particle
size distribution as shown by the analysis presented in Appendix D of
this report. This can be attributed to the fact that the helical conveyor
housing has a rubber lining. This resilient lining therefore prevents
the grinding and con_nunition of soil particles observed for sampler 7
which has a metal housing.
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Sampler 6, JPL Soil Auser
This soil sampler acquired samples ranging in size from i0 to 60 grams at
all the test sites composed of particulate material. The collected sample
was predominantly taken from the fine populations at test sites E (com-
pacted cinders) and F (desert pavement). The original distribution con -
tained in the fine population of the control sample was not appreciably
altered by this sampler.
This concept appears to be a workable concept but more development of the
sensing and control as well as the functional sequence in which this
sampler is operated is required. Based on the observations made in the
field it also appears that an axial thrust capability greater than 5
pounds would improve its performance in the more cohesive soils. The dif-
ficulty in retracting the auger from cohesive soil (duricrust), noted on
page 4-56 for this sampler, could be overcome by operating the auger non-
synchronously; i.e., drill it into the surface rather than screwing it in.
Sampler 7, JPL Helical Conveyor Sampler
While this sampler was also plagued with mechanical failures in the
sample conveying system, it was possible to complete the proposed field
test matrix. Sample sizes ranging up to 35 grams were acquired depending
on run time that could be completed before the helical conveyor began to
bind up. This sampler uses a stainless steel housing in the helical con-
veyor soil transport mechanism. When running this sampler in sand, the
color of the delivered sample was observed to be gray and appeared to
consist of finer grained material, whereas the sand had a light tan color.
These effects were attributed to the grinding action of the conveyor. This
was substantiated in the soil particle size distributions obtained for this
sampler in Appendix D. These distributions characteristically had a mean
grain size of 70 to 80 microns with a very narrow deviation on either side
of the mean. The bulk of the material collected tends to fall in size
range from 50 to I00 microns. Why it appears to reject the fines is not
completely understood. This phenomena must be involved with a selective
action at the entrance to the helical conveyor, The rejection of coarse
material is easily understood, since particles larger than the opening
can not enter. Those marginal grains which can enter the conveyor but are
too large to transport freely are crushed between the helical screw and
the housing until they are of a size compatible with the transport dimen-
sions of the screw such as the outside diameter of the screw thread and
the inside diameter of the casing.
As was indicated earlier in this report, the most successful sampling run
was made at test site B on run number 7BI. In this test which lasted a
total of 5.7 minutes, samples were collected in an incremental manner so
that it was possible to record the depth attained, the amount of sample
acquired, and the time required to achieve these points. Figure 4-29 shows
the penetration characteristics and Figure 4-30 the collection character _
istics for this sampler in duricrust. The triangles are the data points
as recorded in the test. In the acquisition or collection curve the
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initial delivery of the sample is low. This is because the test was
started with a clean conveyor and in general the first minute of dig time
is required to fill the conveyor cavity and start to deliver sample at a
constant rate. This was also observed at the other test sites and is
characteristic of this mechanism. The last data point shows a loss in
delivery rate. At this point in the sampling cycle the test was terminated
because the helical conveyor was binding or loading up. Thus, the binding
is indicated by this loss in sample acquisition rate which occurred pro-
gressively for the last 1½minutes of the run.
Sampler 8_ JPL Dra$1ine Sampler
This was a fairly elementary breadboard with very little development effort
involved; however, it collected very sizeable samples in the dune sand.
The amount collected increases with the distance along the surface that
the sampler is dragged. This variation is shown in Figure 4-31. The
collection rate appears to be high initially followed by a linear variation
for traverses between i0 and 30 feet. Above 30 feet the acquisition rate
decreases continuously toward some maximum value which is determined by
the available volume in the sampler body.
The acquisition of samples were essentially nil on the other test sites.
The mechanical performance and possible design modifications to improve
the performance on the more difficult surfaces were detailed in Section
4.2.1 where the mechanical performance was discussed.
Sampler 9, Philco-Ford VCS Sampler
Most of the acquisition characteristics of this sampler were carefuliy
detailed in Section 3.1 covering the laboratory test phase. The same
basic characteristics were observed in the field test phase with the
exception of run 9El for which the soil particle size analysis indicated
a loss of fine material.
The results of sample run 9El are given in Figures D-55 and D-56. This is
the only soil model in which a discriminating effect other than the rejec-
tion of the large gravel is evident. The steep slope of the fine limb of
the distribution curve indicates a loss of fine material. A possible
explanation can be made in terms of the spin dump cycle. It was at this
site that poor engagement of the slip clutch driving the high speed spin
dump mode was observed resulting in a slow spin with vibration. The
finer material will slow down more rapidly due to air drag and begin to
settle out. Since the velocity of the material is lower as it leaves the
sampling head when the spin dump malfunctions in this manner, it can be
expected that more material will be lost under these conditions by failing
to cross the gap between the sampling head exit slit and the collection
chamber. It can also be expected that the fine material is more apt to
be lost than the coarser material. This effect could explain the distortion
of the distribution curve shown in Figure D-56.
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Sampler 10, Ph Llco-Ford DWB Sampler
The I [eld testing for this sampler was severely curtailed by failures in
the boom deployment sysLtun which were discussed previously in St,cOlon
'_.'2.1. Field test runs were completed only at test sites A, B, and F.
The gem,ral conclusions regarding the acquLs[tion characteristics of thi,_;
s:lmplt'r Ls that some sorting occurs through the action of the pneumatic
transporL llow. Tht, w[rt, brush abrading head does not apl_t'ar to [n itself
affect Lilt. disl_rLbut[on Ln the fines. It wLll excIude graw'I and pebl_le
sLzt. ,_-itt,rtal by v[rtut, of the clearance dimensions bt'twt't'n the wire brush
and the brush shroud. A crLt[cal pebl_Ie size in tilt, range of 2 to 4
mill tmt'ters exists. Tilt' brush is very susceptible to janml[ng in this size
range. This suscepk[I)iI[ty can be reduced or poss[biy ei[m[nated by
reducing the clearance at the poLnt where tilt, wire brush enters tilt' shroud.
II- tills is followed by a rapLd or sudden increase Ln the clearance dhm'n-
sio,ls I)ekwe('ll tilt' shroud and brush, the particles taken in will be small
compared to the clearances tn the nK, chan[s,n. Thus, the small clearance at
tilt, point of entry lLm[ts the particle size to a value compatiblt' with el,t,
operating clearances of the ,lechanLsm. A detailed review of tln' sample
sorting charactt,r[stLes, where they were detected, is presented in Section
I).3 of Appendix 1).
Wlmn this sampler was operated at test site B (durtcrust) it was noted
that the sample would compact tn the funnel of the cyclone collector
choking the outlt't which prew, nted the sample from dropping into tilt, sample
cotIect/on bottle. This was the same effect as was noted for sampler '2
with this soil. The cone hail angle of the funnel on this cycIone collec-
tor ts 20 degrees, IO degrees less than that used by the collector on
s¢n,,plt,r 2. Repeated sllarp blows on the cyclone collector were required to
effect the transfer of the soil into the collection bottle, l)urtng tin'
soil dump operation a very heavy concentration of fine sot1 particles were
ejected through the air outlet of the cyclone collector and blower. Tilt,
wire brush has tilt, potential for acquiring very large smnples if some t'ffec-
tiVt' lilt'arts of continuously transl_orttng the soil away from the head is used.
Sampler [l_ .II'l, Vacuum Cleaner Sampler
This sampler collectt,d effectively at test site A (dune sand), as dtd roots
of tilt' other saml_lers , without aItertng the particle size distribution ol
tl,t, saml_le. The result at test site I_, for run llB3 [s qt, al|fled in th;It
this sample was collected from an area of the surface which had been walked
on loosellin_- surfact, particles. No samples were collected from tilt, virgin
surface. As with sampler 1, tilts sampler [s dept'ndent on loose materi;ll
I)t, i ng availal)le oil tht' surface I)t, tng sampled. Varied results wt,rt, ol)tatllt,d
;it test s[tt,s I,: and F. Again, as was demonstrated by sampler l, tl,ts s.nnplt'r
is :llqo :a'n:;itive to Lilt, posltioll Lt occup[t's on a rough surfact,, l,;irge
gravel or rocks holds tile san_ler far enot, gh away from tilt' lint'.'; lyLng [n
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between the large rocks to greatly degrade the acquisition capability.
Useable size samples were collected on these surfaces for several of the
runs. This concept appears promising but requires more development.
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SECTION5
BIOLOGICALEFFECTIVENESSEVALUATION
One of the tasks of this program was an evaluation of the biological
effectiveness of several soil samplers. This evaluation was based on a
set of biological and chemical assays on gross soil samples and soil
collected by the samplers in field and laboratory trials. The following
paragraphs discuss the laboratory procedures developed during preliminary
studies, the field operations, the results of laboratory analysis of
field collected samples, and a controlled laboratory test of samplers
operating in sand inoculated with spores.
5.1 FIELD TESTANALYSIS
This portion presents the preliminary study performed before the field
testing in order to develop the laboratory techniques and to determine
minimum-samplesize requirements for the biological evaluation procedures.
It also reviews the results obtained by applying these analytical pro-
cedures to selected soilsamples acquired in the field by the various
sampler mechanisms.
5.1.1 PRELIMINARYLABORATORYSTUDIES
The purpose of the preliminary laboratory studies was to develop skill in
the use of the particular standard (or specified) methods chosen for each
of the biological effectiveness tests. It measured the inherent variation
in each test and estimated, in somecases, the magnitude of the property
of interest in representative specimens.
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For the most part, tests used in the present investigation were adapta-
tions of generally accepted, standard methods of soil analysis, the
deoxyribose assay being an exception. These tests were designed to
measure (a) viable particle content, (b) carbon content, (c) alpha-amino
nitrogen content, (d) deoxyribose content, (e) particle-size distribution,
and (f) mineralogical analysis. The detailed analysis of particle-size
distribution and mineralogical composition are presented in Appendix D
where a comprehensive treatment of these subjects is presented. The re-
suits of these analyses are summarizedin paragraph 5.1.3 of this section
in order not to interrupt the continuity of the discussion of the viabil-
ity and biochemical assays madeon the field test specimens.
The choice of methods was based on both the experience of the Litton
group in a similar study (1965) and the amount of development work re-
quired to have a suitable test ready when the field-evaluation specimens
becameavailable. The Litton study used a greater number of different
types of tests but fewer samplers. It placed particular emphasis on
detecting and measuring metabolic and enzymeactivity, whereas the
present test set was not concerned with these properties of biological
material.
The Litton study concluded that the agar-plate counts were the most use-
ful tests of biological effectiveness employed although at the sametime
they were the most expensive in time and money. Particular emphasis was
placed, therefore, on the viable particle assays in the present investigation.
a. Viable Particle Content. The viable (microbial) particle assays
used in the investigation were based on the agar-plate methods and media
described by Clark (1965). These assays are described in Appendix C.I.
The media used were soil-extract agar (SEA), egg-albumen agar (EAA), and
yeast extract agar (YEA). The earlier Litton study (1965) used mycophil
agar rather than EAA and the recipes for SEA and YEA were somewhat dif-
ferent from those used in this study. In particular, the Litton study
used a Tryptone-glucose-yeast extract agar.
The procedures were adapted to the soils by use of tests on three rep-
resentative specimens collected near Pisgah Crater, California, at mid-
day in the latter part of August, 1967. The specimens were stored at
room temperature in polyethylene bags until they were assayed. These
specimens were denoted PI, P2, and P3 and were obtained from the follow-
ing sites:
(i) PI: from the upper 3 inches of desert pavement
lying between 2 tongues of lava.
(2) P2: from the upper 3 inches of the duripan
crust of a shallow basin surrounded by lava flows.
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(3) P3: from a sandy dune formed against a
moundof lava.
The results of the viability assays on these specimens are reported in
Table 5-1. In these assays egg albumenagar produced a larger number of
colonies from each of the specimens than did either of the other agars
tested, justifying thereby the use of several media. Differences in the
spectra of organism types growing on the various media were observed. The
microbial content of these soil specimenswas in excess of 105 viable
organisms per gram of soil. In the assay of soils, it is particularly
important to recognize that the numbersof colonies observed on agar-plate
cultures can be significantly less than the number of viable microbial
cells represented in the particles which produced the discrete colonies.
Characteristically, actinomycetes and molds occur in the soil as clumps
or chains of cells and bacteria frequently adhere as colonies to the
surfaces of sand grains.
The soils did not differ significantly in the numbers of organisms con-
tained in them except that P3 contained fewer organisms able to grow on
the soil extract agar. The numbersof colonies produced by the PI cul-
tures corresponding to the higher dilutions appear anomalously large.
This might be explained on the basis of a carry-over of one of the discrete
particles of purely organic materials from the third to the fourth dilution
with subsequent breakup of the particle in the fourth dilution.
b. Carbon Content. The Allison (1960) wet-combustion method was
chosen for the assay of both carbonates and organic carbon in the soils
collected in the field evaluation of the several samplers. In this method,
the carbon is converted to carbon dioxide which is released from the
sample and collected in an absorber. The amount of carbon dioxide re-
leased is measured by changes in weight of the absorber. The details of
the procedure are described in Appendix C.2.
The standard procedure is designed to recover between 20 and 40 mg of
carbon from about 2 g of soil. In anticipation that relatively small
quantities of soil, less than 2 g, might be used in some analyses, and
that most samples would have small carbon contents, modifications
were made in the design of the Allison apparatus. These modifications
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reduced opportunities for leaking and increased reproducibility of
measurements.
The method and the apparatus were validated by the assays of carbon in
calcium carbonate and potassium acid phthalate indicated in the lower
portion of Table 5-2. As the amount of carbon in the sample being assayed
decreased, the significance of milligram changes in the absorber weight
increased. While milligram amounts of organic carbon can be detected by
this method, the accuracy at these levels is very low.
Accurate assays appear to require more than 5 mg of organic carbon in the
sample. The carbon contents of the three Pisgah soil specimens, PI, P2,
and P3 were assayed using these methods and apparatus. Table 5-2 shows
the results of these assays. For PI and P2, 5 mg of organic carbon were
present in 2 grams of soil, but for P3 more than 15 grams are required
for any precision at all in the assay.
Table 5-2 also shows the 3-sigma confidence interval for these same
assays based on the overall variation among the assays performed. The
precision of the assay is about _ 50 percent in the range of sample size
and carbon contents examined. The precision was adequate, however, for
the purposes of comparing the effectiveness of the several samplers in
acquiring specimens rich in organic carbon.
c. AIpha-Amino Nitrogen Content. Bremner (1965) described an assay
method for measuring the various forms of nitrogen in soils. The method
chosen for the present investigation was based on a part of Bremner's
method and is described in Appendix C.3. The ability of the method to
measure alpha-amino nitrogen in both amino acids and in compounds contain-
ing nitrogen in addition to alpha-amino nitrogen was verified by applying
the assay procedures to glutamic acid, asparagine, and mixtures of the two.
Table 5-3 presents the results of these verification tests. The assay
errors are presented in the right-hand column of the table.
In order to assure that a final-titration endpoint would be reached, the
soil hydrolysates were diluted with a standard amount of the stock
asparagine solution. The resulting solution produced a clear well-defined
endpoint. The amount of asparagine alpha-amino nitrogen added was then
subtracted from the total assay. The results reported in Table 5-3 show
this residual due to alpha-amino nitrogen in the soil hydrolysate to be
very small (errors due solely to arithmetic rounding are as large as i0
milligrams). The assays show the alpha-amino nitrogen in the specimens
to be of the same order of magnitude as the carbon. The precision of the
assay as used was marginal for the dune sand specimen, P3. Taking into
consideration the possibility that the low assay on PI is erroneous,
the alpha-amino nitrogen assay ranked the soil specimens in the same order
as did the viable particle and organic carbon assays. For two of the
three soils, this assay is precise enough for use in comparing the
effectivenesses of the samplers in acquiring biologically useful samples.
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TABLE5-2
Specimen
PI
VERIFICATIONANDPERFORMANCEOFCARBONASSAYPROCEDURES
Weight
of
Repli- Soil
cate Sample,
No. grams
i 6.5
2 9.3
3 5.8
Carbonates
Weight of CO2
Released,
milligrams
Ii .0
12.9
4.8
3-sigma confidence interval
P2 i 5.5 98.0
2 6.6 109.9
3 6.9 116.2
m
3-sigma confidence interval
Carbon Contents of Pis_ah Area Soils
Organic Carbon
Percent Weight of CO 2 Percent
Carbonate Released, Organic
Carbon Mil iigr ams Carbon
14.7
23.6
16.3
19.2
28.6
33.4
7.3
7.5
6.6
0.061
0.069
0.075
P3
Calcium
carbonate
ii.0 25.5
41.92 17.6
3 15.3 38.1
3-sigma confidence interval
1 0.2
2 0.2
3 0,2
Theoretical yield
70.8
107.1
80.0
Potassium
acid
phthalate
i 0,2
2 0.2
3 0,2
Theoretical yield
0.046
0.038
0.022
0.025-0.058
0.485
0.456
0.456
0.285-0.645
0.063
0.065
O.O65
_.040-0.090
,.,. --
ii .81
12.36
11.48
--i2.02 ........
346.5
349. i
348.7
0.044-0.092
0.095
0.119
0.131
I......
0.074-0.145
0,018
0.012
0.012
0.007-0.020
47.40
47,74
47.68
47.16
The standard deviation estimates were calculated from the percent deviations
in each of the sets of three values, Exceptionally large deviations were
associated with CO 2 weights less than i0 milligrams.
Standard deviation calculated from all
9 observations
Standard deviation calculated from only
those observations associated with CO 2
weights greater than I0 mg.
Carbonate Organic
Carbon Carbon
0.176 0.154
0.130 0.120
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TABLE5-3
VERIFICATIONTESTSOFALPHA-AM]
I I
Specimen
Blank (water)
Glutamic acid
(in water)
Sample
Weight
mg
0.0
31.2
8.1
6.9
ii .0
13.6
10.3
16.5
I
Asparagine 5.8
solution 5.8
i
(stock) 5.8
Amt. of 0.i N
Sulfuric Acid
Required to
Neutralize,
ml
NO NITROGEN CONTENT PROCEDURE
Expected
Amt. of
R-amino
Nitrogen
in Sample,
_g
Measured
Amt. of
R-amino
Nitrogen
in Sample,
_g
Differenc_
per cent
|
0.0 0 0
i ml
1.92 2964 2688 -9.3
0.54 769 756 -1.7
0.40 655 560 -14.5
0.65 1045 910 -12.9
0.87 1292 1218 -5.8
0.63 978 882 -8.9
1.09 1567 1526 -2°7
I
0.44 613 616 0.4
0.42 613
0.42 613
588 -4.1
588 -4.1
1050"* -2.4
135$** 7,2
1386"* -2.2
Glutamic acid 8.1
(in stock I0,i
a sparagine ii o7
solution) *
PI hydrolysate i000
(in stock aspara-_lO00
gine solution)* I000
0.75 1040"*
0,97 1230"*
0.99 1382"*
0,26 59***
0_23 16"**
0,27 72***
P2 hydrolysate I000
(in stock aspara-
gine solution)W
P3 hydrolysate i000
(in stock aspara-_O00
gine solution)* I000
0.33 156"**
0.23 16"**
0.23 16"**
0.23 16"**
* One-half the volume of the stock asparagine solution specimen was used.
** Includes the alpha-amlno nitrogen from both the glutamic acid and the
asparagine.
*** Residual amount after subtraction of alpha-amino nitrogen in stock
solution of asparagine.
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The results of this preliminary investigation suggest that as muchas 5
grams of soil are required to distinguish between soils having tenfold
differences in their alpha-amino nitrogen contents. In the evaluation of
field samples a 5-g sample proved to be adequate.
d. Deoxyribose Content. The assay for deoxyribose (DOR) in soil was
based on work reported by Rho and Thompson (1966). The procedure used is
described in Appendix C.4 and differs, however, from that (the alternate
method) now preferred by Rho in that it employs 4 Normal hydrochloric
rather than 4 Normal perchloric acid in Steps I and 4 of the procedure and,
in the preliminary laboratory work, the dihydrochloride of the 3, 5-di-
aminobenzoic acid (DABA) reagent.
The DOR assay was chosen over alternative enzymatic assays because it
measures_ though indirectly, deoxyribonucleic acid (DNA) and because, at
the time, its development and practical verification were close to com-
pletion. In a similar investigation of soil sampling, Litton Industries
(1965) used a phosphatase assay and reported it to be among the more
valuable in comparing performances among soil sampling concepts. At the
time the DOR assay was chosen, the facts suggested that it would be more
useful than would the urease assay (McLaren, 1967) which was then gener-
ally recognized to be preferable to the phosphatase assay.
The present investigation did not succeed in using the DOR assay effect-
ively. The amount of work required to adapt the assay to the requirements
of the program had been underestimated. Subsequent comments in this
section describe experience with the assay and materials used rather than
the ability of the assay to discriminate among the performances of soil
samplers.
(i) DABA Concentration_ Purity_ and Stability Factors. The initial
laboratory work was concerned with three questions. First, does the con-
centration of DABA have a significant effect on the intensity of fluor-
escence? Second, is the Puris_ (dihydrochloride) grade of DABA equivalent
or superior to the purified practical grade? Third, is the sample fluor-
escence stable over an extended period of time?
Experimental results suggested that not much difference exists between
tl_e assay results obtained with I Molar and with 2 Molar Puriss. (dihydro-
chloride) DABA solutions. At concentrations below i Molar, however, the
relative intensity of fluorescence (RIF) decreased quite rapidly.
The two grades of DABA were compared at 2-Molar concentrations. The
Puriss. material dissolves readily to produce a clear, straw-colored solu-
tion in 4 Normal hydrochloric acid. When prepared at the same concentra-
tion and then partially purified, by a few minutes contact with Norit A
activated charcoal, the solution of practical grade DABA had a light pink
color and produced less fluorescence than did the solution of Puris_ mater-
ial. For this reason, the Purisg material was used in all subsequent tests
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in the preliminary laboratory studies and in obtaining the results reported
in Table 5-4.
Later in the program, however, a portion of practical grade DABAwas stored
overnight in 4 Normal hydrochloric acid in contact with charcoal at 4°C;
the filtrate was straw-colored and its activity superior to that of the
Puriss material.
The experimental results shownin the upper portion of Table 5-4 indicate
that DNAsample fluorescence in I Molar Purisg DABA(in Step 7 hydro-
chloric-perchloric acid solution) is stable over a period of 7 days when
stored at 4°C. This fluorescence disappears, however, whenthe sample is
stored in this samesolution overnight at room temperature.
(2) Performance Tests on the D0R Assay. To standardize and gain
experience with the assay procedures, the three Pisgah soil specimens
PI, P2, and P3 were assayed for deoxyribose (DOR) content. Control assays
were performed simultaneously on specimens of DOR and of DNA. Comparison
of the RIF values for DOR with those for the 20,000 microgram samples
suggest that the soils contain less than 0.005 per cent of DOR. The RIF
values for these samples were only twice that of the blank, however, and
a tenfold increase in sample size gave RIF values only 4 times that of the
blank.
A 20-milligram sample of these three soil specimens is barely enough to
detect any DOR. Replicate assays of the DOR content of each soil speci-
men produced results differing twofold, whereas, the apparent DOR contents
of the soils differed somewhat less than twofold. The variation among
replicates may be due to both inherent variation in the DOR assay and to
the variation among replicate test samples for the same soil specimen. A
similar variation was observed in the carbon content analyses which could
be attributed to variation in the numbers and sizes of discrete particles
of undecomposed organic material in the individual assay samples.
Inherent assay variation is the more likely explanation because of the
similarity of results from tests on the soils and on the blanks. Accord-
ing to Lamanna and Mallett_4(1965) the nucleic acid content of a bacterial
cell ranges from 0.5 x i0- to 7.5 x 10 -14 grams. Of course, not all
nucleic acid is DNA. Thus a typical bacterium might contain 10-14 of DNA.
Soil PI contained 106 viable particles (microorganisms) per gram. These
particles would contain at least 10.8 g of DNA per g of soil or 3.3 x 10-5
micrograms of DOR per 20 milligram sample, an amount 4 orders of magnitude
less than the amount observed for the soil by the procedures used.
(3) Interpretation of Performance Test Results. On the basis of the
preliminary laboratory analysis, using the Puriss. material (dihydro-
chloride) the DOR assay was not able to discriminate among the soils
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TABLE5-4
VERIFICATIONTESTS
FORDORPROCEDURES
Specimen
Blank
DNA
DOR
P1 + DOR
P2 + DOR
_3 + DOR
PI
Repli-
cate
Test
i
2+
3
i
i
2+
3
i
2+
2#
3
i
2
3
i+
2
3
II
I+
2
3
i+
2
3
P2 i
2
3
P3 i
2
3
PI 3
P2 3
P3 3
* 20 milligrams
Instru- Relative Intensity of Fluorescence (RIF)_
ment Scale Divisions
Amount of Sensi- Period of DOR 4°C-Storage in DABA/HCI04
Sample, tivity Solution _Step 7 material_a days
_g Setting 0 i 2 3 4 5 6 7
0.0 0.03 3.0 2.0 4.0 3.5 5.5
T
0_0 0.03 3.0
4.0 0.03 12.0 12.2 14.2 ii.i 13.8
_,0 0,03 24,2 25,0 24,8 23.0 25.2
12.0 0.03 31.7 32.2 33.1 30.5 34.8
16.0 0.03 39.8 38.6 41.2 39.0 42.5
20.0 0.03 46.0 _5.0 53.6 45.0 46.3
1.7 0.01 15.5 15.8 17.5
i .7 0.01 15.4
2.3 0.01 25.2 22.3 23.0 25.4
2.3 0.01
_,6 0.01
4.6 0.01 28.0
6.9 0.01
6.9 0.01 34.8
20*+ 6.9 0.01 26.0
20*+ 6.9 0.01 39.3
20*+ 6.9 0.01 29.0
20*+ 6.9 0.01 52.5
i
20*+ 6.9 0.01 27.0
20*+ 6.9 0.01 44.5
20_000 0.01 7.5
20,000 0.01 3.0
20,000 0.01 4.0
L
20aO00 0.01 7.8
20,000 0.01 4.8
20,000 0.01 5.0
20,000 0.01 7.8
20_000 0,01 5_4
20,000 0.01 7.0
200,000 0.01 12.2
200_000 0.01 I0.0
200,000 0.01 9.2
of soil were added to
+ No
19.5
35.0 34.7 34.6 3.6.2
41.0 41.0 41.8
30.8
53.4
ii
observation was made
30.0
17.2 36.8
8.5
14.5 27.7
10.2
, i
21.5 54.0
Jl
13_6
8.2
8.4
8.0
9.2
50.2
8.2
7.7
for the
the 6.9-microgram DOR specimen
s_ecl_men in this replicate test
30.0
43.3
TABLE 5-5
ANALYSIS OF VARIANCE IN RELATIVE FLUORESCENCE ASSOCIATED WITH SOILS
Factor
Soil
I
i Age of DOR
in
DABA/HC I07_
Replicate
Residuals
Level
P1
P2
P3
freshly made
Totals
Ex = 161.9
several
days old
Sum
48,4
50.0
63.5
52.3
109.6
76.3
45.5
40 .i
161.9
Degrees of
freedom
12
17
E(x) 2 = 1852.49
Sum of
squares
23
183
127
63
396
Mean
square
12
183
63
5.25
¢Zx)2/18 = 1456.2
Significant
at 95% level
No
Ye s
Ye s
TABLE 5-6
ANALYSIS OF VARIANCE IN RELATIVE FLUORESCENCE ASSOCIATED WITH DOR AND SOIL
|
Factor
Soil
Age of DOR
in
DABA/HC 104
Level
PI
P2
P3
freshly made
several
Replicate i
2
Residuals
Totals
Sum
138.6
165.7
151.7
172.8
283.2
456.0
Zx = 456.0 Z(x 2) = 18522
Degrees of
freedom
I
7
ii
Sum of
squares
92
31
1016
55
1194
Mean
square
46
31
1016
7,8
Significant
at 95% level
Yes
No
Yes
¢Zx)2/12 = 17328
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tested. The replicate variation was greater than the differences between
the soils and the observed amoun_of soil DOR were similar to that of the
blank.
(4) Other Observations. The data of Table 5-4 suggest that the
procedure and materials (Puriss_DABA-dihydrochloride) used detects only
one-third of the DOR ultimately obtainable from the DNA specimens (the
instrument sensitivity setting is a proportional adjustment of the RIF).
From analysis of the respective molecular weights, the DOR yield should
be about 16 percent of the DNA sample weight.
Table 5-4 also shows an anomalous increase in the production of fluor-
escence by material in soil upon storage in DABA-perchloric acid mixture
at 4°C. This is the material of Step 7 in the procedure described in
Appendix C.4. The effect was not reproducible (all specimens with the
same replicate number in the table were assayed on the same day) and the
reasons for it are not clear. Rho and Thompson (1966) reported that soil
suppressed fluorescence in similarly prepared DOR specimens but no
suppression was observed in the data shown in Table 5-4. Moreover, the
fluorescence intensity is stable in the presence of both soil and DOR.
The elucidation of this effect was beyond the scope of the program and it
was not necessary in the evaluation of the effectiveness of the several
samplers in acquiring samples rich in DOR or DNA.
Large variation among replicate test results characterized the DOR assays
shown in Table 5-4. The size of this variation is shown in the analysis
of variance tables (Tables 5-5 and 5-6) which were computed from the
experimental measurements of the relative intensity of fluorescence.
Although not employed, a six-point design (Finney, 1952) might have
pointed up sooner the difficulty with the application of the DOR assay
to the soil specimens. In such an assay design, the RIF of the specimen
at several concentrations would be compared with that of the control
specimen of either DNA, DOR, or microbial cells at the same relative
concentrations of DOR.
5.1.2 EVALUATION OF FIELD TEST SPECIMENS
The amounts of soil, available for biological effectiveness evaluation
and collected from each of the sites by each of the samplers, are shown in
Table 5-7. Those blocks which are shaded indicate which samples were used
for the viability and/or biochemical assays. Viability assays were con-
ducted on all these samples. Biochemical assays were conducted on those
indicated with the letter B following the weight. These samples were
selected as stipulated in the field test matrix for the appropriate
analyses where the size of the sample permitted.
Although several runs were made when possible with each sampler at each
site, not every such run produced a sample useful for biological or
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TABLE 5-7
FIELD SAMPLES COLLECTED
Sampler
No.
I
2
J
3
4
5
!
6
7
8
I0
ii
i
R SAMPLE WEIGHT GRAMS
u A B C D E
n Pahoehoe aa Compac ted
Dune Sand Duricrust Basalt Basalt Cinders
1 [_i|_i_,i_i',',_;_....o.02 ii_i_2..__i ii_i_i_iiiil]jiii_iii_i_i_!_ii__i_i_
3 74.3 0 .04 0.04 3.2
2 7.4 15.6 0,34 14,8
--3 [ Hii [i i:ii:F:bli_h:_:_:i:i:i:_:_: "
.:_-:i_-_:_i_:_-:,::::i::,_!i_::_:_!_,_15.3 0•01 9.3
4 39.9
1 I_!!!_:'_'_i_ii !_i!_i_i'_!ii_i_i_::i_::::_.....
2 9.1 0.05
-3 Ii_6 .....
1 _i_ii_i_ii!_i_i_i_i_iii26,4 TRACE 133,4 18_, 8
,.2 _-_i_i_iiiii_iiiiiiil]!ilil]ii120,4 132.7
3 ii_iii__ iiiiii!i_iiiii_iiiiiii_i_ii_:iii:i!iilli i_ : _! !_ii_ii_iii_iiiii!_i!iiiiiiii!il 39.3
4 1_60.9 96,_} .,.
-j_ _i!i!_i_i_i!:_ iiii: " 4.9
F
Desert
Faveme n t
::
0,5 _
0.6
i::!ii:::i_6__!:::::!_i
2.5
54.9
149.8
90.1
_]ii_i!]i]!!:::!i!:::ii!!:_:i_iii!ii_iT!_i_i_i]!ii!i:il
3.9
._ iii_i_i_i_ii_ii_iiii_!iiiiiiiil;i_i ] _ TRACE 7.6
• - ............. ,,( _":':':"_ • :..-.:..:.:_i:.:.:.:.:.:._._.:.+:.:.:2 13.6 i_iiiii_: L !iii : : ii':_i::::::il46.2 ._
3 62,8 , , 17.{_
I 34.7 5.3 0,23
2 LOST [i_ii_i_ _ii_i_ii_i!i 6,3
[i_::!:'.i:::::' ::i_::i:;::::"i_ii_i_::_::_:;:;_;__i_ TRACE
TRACE 0 o05
4
3 20.9 ii[ili:_iOi_!_!ii[iiiiii!!_ TRACE O. 09 _.,
20.3 0.6 0,20__.
13.6 1.7
6 4.0
2 iiiii_)i_ i!i_iiii_i!:_!i_..:_lii_ 37.6 38.9
4 iiiiiiiii_i_i!i!! ! !_i!_!!u._;.!.i._.L:.:.i._::_2 0.3 4 6.7 7.0
::::::::::::::::::::::::::.;.. ¢.._¢.....:.;
5 ::iiiii_[i[i!iiiiii!i!iiii[iiii[i 25.5_ ,.
6 iii!_i_i_ii_,_i_i_!ii_i_!_ii 2.4 36, .5
7 66.2 ii.i
8
_I
2
3
5
6
7
1
2
3
4
318.1
34.5 .....
78.6 ......
72.5
!!!i_ii_iiiii',iii_i 0.05
:_:_$i;:i:: : : ::.":::]:!:]:i:;>:!ii_i i iii:_i
2 7,0 li::!::!_i_i_::l_Ci_ii_i_::_i 0.07 _. 03
TRACE
* Effluent sample 10B3X - 3.5 Grams
5=13
.L ............ ...................... '" 1-2-2-);:-.-.-...;..:.:..........)..._..
........... _ ...... jiljiiiiiiiiiiii_iiiiiiiiiiiil 43.8 B___
__ _.o* .......
178.0 15.8
biochemical examination. Table 5-8 presents the sample-size requirements
deduced for those soil specimens for which each of the biological and bio-
chemical tests is appropriate. Samples I g or smaller might yield higher
viable particle content assay results (per gram) than will the 10-g
samples. An organic fragment in a small sample could introduce a positive
bias in plate count data which should be of less consequence in larger
samples. For example, soil sample organic matter included insects, plant
fragments, insect and animal droppings which likely harbor large numbers
of organisms. These materials were observed in the test sites and were
found in the soil samples during laboratory processing. The presence in
the soils of discrete particles of undecomposed organic debris, required
the use of 10-g assay samples to prevent this factor from completely
dominating the results. Even so, this factor is apparent in the variation
in viable particle contents between samples from otherwise identical
sampler-test runs.
Several times in the course of preparing the initial water suspension of
the soil for serial dilution, insect parts or other biological debris
were observed floating on the water surface, suggesting that flotation
might be an effective method for processing the specimens for enrichment
of the biological materials provided for testing. The Litton study (1965)
investigated this system and found that, indeed, use of such processing
methods did increase the likelihood of detecting material in the sample
when it was there. Application of such methods was, however, beyond the
scope of this contract. It was necessary to cope with the problem pre-
sented by these organic particles but not to evaluate the samplers per-
formances in terms of effectiveness of acquiring them.
TABLE 5-8
SAMPLE SIZE REQUIREMENTS FOR SAMPLE EVALUATION
Assay Minimum Sample Size, grams
Viable Particle Content
by dilution plate
by sprinkle plate
1.0
0.001
Mineralogical Composition
Carbon Content i0.0
Alpha-amino Nitrogen 5.0
Deoxyribose ?
Particle-size Distribution 5.0
1.0
5-14
The results of the performance tests and the general descriptions of the
samples collected are described in Section 4.2 of this report.
In several of the sampler tests, insufficient sample was obtained to per-
form any but the viable particle test. Even this test was of a special
type in which the soil particles were sprinkled on the surface of the
culture agar rather than used in the standard agar-plate assay. Limita-
tions of program resources precluded biochemical tests on some of the
samples.
The overriding conclusion from the evaluation of the field test specimens
is that too few samples were obtained to draw many significant conclusions.
Before the first test at sites Ap B, E, and F, the DWB sampler and VCS
sampler were thoroughly cleaned and decontaminated by an overnight expo-
sure to ethylene oxide vapor at a concentration in excess of 300 mg per
liter. This procedure is discussed in greater detail in Section 5.2.
The remaining samplers were physically cleaned as much as possible.
For those samplers which were too difficult to disassemble for cleaning
in the field, several runs were made at the test site to flush the sampler
and reduce sample carryover by dilution of the residuals in the sampler.
It was not feasible to demonstrate sterilization effectiveness of the
process used for the DWB and VCS samplers. Under field conditions,
maintenance of sterility was extremely difficult. Nevertheless, to the
extent possible, aseptic procedure was used in the collection of specimens
for biological effectiveness evaluation.
At the dunes, duricrust, basalts, and desert pavement sites, control
specimens weighing several kilograms each were collected aseptically,
using a trowel, and sealed in plastic bags. Control specimens for the
basalts were not used, however, for any of the biological or biochemical
assays. Controls other than compacted cinders were taken from the corner
of the test site nearest the area in which most sampler runs were made.
The variation in particle size in compacted cinders suggested that viable
particle counts for the control would be low in a 10-g sample consisting
primarily of a large pebble which would not ordinarily be collected by
the soil samplers. For this reason, the compacted cinders control was
collected selectively and consisted primarily of fine material. This
control specimen was collected adjacent to the sampling site for specimen
7E2.
Specific field-test specimens were selected for biochemical assay of car-
bon, deoxyribose, alpha-amino nitrogen, and for viability analyses of
aerobic bacteria, actinomycetes, and molds. Samples were processed out of
sequence in the test plan to minimize the significance of daily variation
in materials and environmental factors in the laboratory during incubation.
It was necessary, for example, to prepare several batches of each culture
medium because of the large quantity of petri dishes required.
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a. Viable Particle Content. The viable particle content
assay results were related to the properties of the samplers and
suggest that pneumatic acquisition and transport features in the
samplers produce a positive bias in viable particle content and
that rubbing, under pressure, between the sample and the sampler
surfaces produces negative bias in samples for biological ex-
amination. The tests applied did not distinguish other sampler
features.
A more detailed interpretation of the experimental results pre-
sented in Tables 5-9 through 5-12 must recognize several signi-
ficant artifact possibilities. First, the various types of
microorganisms might respond differently to the pneumatic acqui-
sition and transport and to abrasion. Second, the three media
measured significantly different populations.
(i) Procedures Used in the Assays. When sufficient material
was available, lO-g samples of the soil specimens were processed
by the procedures described in Appendix C.I. These procedures
are the standard agar-plate assay procedures checked out in the
preliminary laboratory studies. The 10-gram sample was serially
diluted, in tenfold increments, in sterile distilled water before
the plate cultures were prepared. From the standpoint of numbers
of colony-forming units per gram of soil assayed, much smaller
samples could have been assayed quantitatively.
Of the 50 field-test specimens selected for viable particle
assays, 26 could be processed by the standard dilution-plate
procedure which uses lO-g samples. Four more field-test speci-
mens were assayed by dilution plate using l-g or smaller assay
samples. The others were used to prepare sprinkle-plate cultures
described later. All cultures were incubated at ambient labora-
tory temperature which ranged from 20 to 28 degrees C during
the period of incubation.
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Specimen No.
Sampler Soil Run
No. Model No. No.
1 A 1
1 A 2
2 A 1
2 A 3
3 A 1
4 A 1+2
4 A 3
5 A 2
---6--" A I(I)
--_--_ A _
----6 -4 A 2
s A l(1)
s ! A I(2)
...._ _ A 2
9 A 1
9 A 2
A 3
A 4
9 A 5
9 A 6
10 A 1
10 A 3
11 A 1
-'-ii - A 2
Dune Sand Control
TABLE 5-9
VIABLE PARTICLE CONTENT OF DUNE SAND SAMPLEs
Sample Incubation,
Diluted, days at room Medium
grams temperature
I0.0 16 EAA
SEA
YEA
i0.0 16 EAA
SEA
YEA
4.0 15 EAA
SEA
YEA
10.0 15 EAA
SEA
YEA
5.2 15 EAA
SEA
YEA
I0.0 14 EAA
SEA
_A
10.0 18 EAA
SEA
YEA
10.0 14 EAA
SEA
YEA
5.0 18 EAA
SEA
YEA
5.0 20 EAA
SEA
YEA
5.0 18 EAA
SEA
YEA
10.0 18 EAA
SEA
YEA
10.0 20 EAA
SEA
YEA
10.0 18 EAA
SEA
YEA
10.0 18 EAA
SEA
YEA
10.0 18 EAA
SEA
YEA
i0,0 18 EAA
SEA
YEA
10.0 18 EAA
SEA
YEA
5.0 18 EAA
SEA
YEA
5.0 18 EAA
SEA
YEA
5.0 18 EAA
SEA
YEA
I0.0 20 EAA
SEA
YEA
I0.0 18 EAA
SEA
YEA
10.0 13 EAA
SEA
YEA
i0.0 14 EAA
SEA
YEA
Colonles Formed per Gram of Soil,
thousands of colonies
Bacteria Actlnomyce tes Molds
13.0 2.5 <I .0
17.0 1.3 5.7
3.7 7.0 <_ .0
9.3 <I .0 <1.0
4.3 0.7 4.0
2.7 6.0 0.3
14.0 31.0 0.4
300.0 170.0 1.8
63,0 7.8 0.5
4.7 12.0 0.2
64.0 41.0 0.3
2,} 2,2 0.2
0.7 1.9 <0.2
3.0 2.1 <0.2
0.4 <0.2 <0.2
1.2 1.9 0.03
15.0 0.5 <0.1
}.,0 0,4 <0 .I
1.7 <1.0 0.3
3.3 <1.0 1.3
0,7 0.3 0.3
0,2 0.I <0.1
0.4 0.I <0 .I
<011 <0.1 <0.1
16.0 0.6 <2.0
2.0 <2.0 16.0
0.6 14.0 1.4
0.8 II.0 0.1
4.5 1.5 4.4
1.1 1.6 0.1
3.4 <2.0 0.6
2.6 <2.0 3.4
2.0 2.0 <2.0
4.3 0.7 <1.0
8.0 0.3 2.3
2.0 1,7 0,7
6.2 4.0 0.03
4.8 1.0 0.I
0.7 0.2 0.2
7.0 0.7 <0.3
4.3 0.3 2.0
2_7 0.7 _.0
3.0 0.3 <1.0
1.0 <1.0 2.3
1.3 1.0 0.3
1.3 <I .0 <1.0
0.3 <I .0 0.7
i_0 0,3 <1.0
<1.0 <1.0 <1.0
<1.0 <1.0 <I.0
<1.0 <1.0 <1.0
2.6 <2.0 <2.0
2.6 <2.0 1.4
3.4 <2.0 <2.0
0.6 <1.0 <1.0
1.4 <I.0 <1.0
2.6 <1.0 3.4
<1.0 0.6 <1.0
<1.0 <1.0 <1.0
<1.0 <I.0 0.6
1.4 <I.0 0.6
2.0 0.6 0.6
2.0 0.6 2.0
0.4 1.3 0.03
2.4 1.8 <0.I
0.8 0.8 <0._
0.7
3.7
0.3
6.7
2.3
<1.0
0.7
0.7
1.3
0.9 9.1 <0.I
3.4 8.4 0.03
0.6 1.6 0.03
1.8
5.3
0.9
0.7
0.5
0.2
3.2
4.0
<0.i
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TABLE 5-10
VIABLE PARTICLE CONTENT OF DURICRUST SPECIMENS
Specimen No. Incubation Colonies Formed per Gram of
Samp- Soil Sample Days at Soil, thousands of colonies
ler Model Run Diluted Room Actino-
No. No. No. Grams Temperature Medium Bacteria mycetes Molds
3 B I 0.3 13 EAA i000 500 33
SEA 44000 230 <30
YEA 16 <3.0 1,0
4 B 3 i0.0 20 EAA 3900 3400 i00
SEA 39000 7400 500
YEA 350 340 13
"5 B I-i 5.0 20 EAA 230 230 2
SEA 3400 2300 420
YEA 1.4 18 0.6
6 B I i0.0 24 EAA 1300 610 3.0
SEA 34000 2200 30
YEA 120 93 1.3
8 B 3 0.5 24 EAA 12000 1500 34
SEA 69000 1600 <200
YEA 240 7.4 15
9 B 2 i0.0 19 EAA 740 720 7
SEA 14000 1300 200
YEA 150 510 3.0
I0 B 2-1 3.0 19 EAA 31000 3100 <i00
SEA 84000 5400 <I00
YEA 250 34 i0
I0 B 2-2 7.0 19 EAA 12000 420 <i00
SEA 29000 1500 42
YEA ii0 7.4 6.0
I0 B 3X 2.7 7 EAA 1400 85 <i0
SEA 8000 480 <I00
YEA 26 i0 ii
ii B 3 3.6 21 EAA 4800 600 56
SEA 69000 1800 <I00
YEA 220 36 6.4
Duricrust Control i0.0 21 EAA I000 550 33
SEA 25000 4200 400
YEA 13 51 5.7
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TABLE5-11
VIABLEPARTICLECONTENTOFCOMPACTEDCINDERSSPECIMENS
---- SpecimenNo.
Samp--_--So_ " Sample
ler IModel Run Diluted
-. No. _ No. No. Grams
i E i 4.0
Incubation Colonies Formedper Gramof
Daysat Soil, thousands of colonies
Room Actino-
Temperature Medium Bacteria mycetes
20 EAA 37 29
SEA 360 130
YEA 9.3 8.3
Molds
2.5
0.8
5.0
1 E 2 0.7 20
2 E 1 3.8
5 E 1 2.0
6 E 2 i0.0
7 E 2-1 i0.0
9 E 3 I0.0
II E I I I0.0
i J
Compacted Cinders i0,0
Control
EAA 280 260 4.2
SEA 6300 520 -_40.0
YEA 66 II0 4.2
20 EAA 160 i00 5.2
SEA 2800 810 <0.8
YEA 1.8 0.8 5.2
21 EAA 150 39 <2.0
SEA 570 130 <2.0
YEA 30 170 *_2.0
18 EAA 0.7 17 0.3
SEA 23 58 2.3
YEA <0.3 130 <0.3
20 EAA 710 470 <3.0
SEA 3300 1700 <30.0
YEA 85 620 Or7
20 EAA 14 12 <0.3
SEA 160 27 <0.3
YEA 1 3.3 <0.3
21
16
EAA 15 Ii 0.7
SEA ii 36 <0.3
YEA 1.3 4.7 1.3
EAA ii0 140 I <3.0
SEA 370 190 I <3.0
YEA 1 440 ; 0.3
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TABLE5-12
Samp-
ler
NO.
• i
1
4
6
9
I0
b-
I0
Ii
Specimen No.
Soil
Mode I Run
No. No.
i
F ! 1
I
F ' 1
i
F 1
J
F _ 1
I
F : 1
F I
F I IR
i
t
F _ I
Desert Pavement
Control
VIABLE PARTICLE CONTENT OF DESERT PAVEMENT SPECIMENS
Incubation
Sample Days at
Diluted Room
I
Grams Temperature
2.5 19
I0.0
I0.0
I0.0
I0.0
I0.0
1.0
i
2,0
20
19
20
19
19
19
20
19
i0.0 , 19
Medium
EAA
SEA
YEA
EAA
SEA
YEA
EAA
SEA
YEA
EAA
SEA
YEA
EAA
SEA
YEA
EAA
SEA
YEA
EAA
SEA
YEA
EAA
SEA
YEA
EAA
SEA
YEA
Colonies Formed per Gram of
Soil, thousands of colonies
Bacteria
690
6300
60
400
5200
38
760
2000
6.0
270
55O
3.3
140
200
2.3
3.0
78
0.7
50
2800
i0
Actino-
mycetes
--w-
260
650
190
Ii0
700
120
220
450
200
250
720
i00
i00
240
140
3.3
29
1.3
30
970
4.0
9.8
170
1.9
Molds
1.2
:3.0
4,0
37
85O
9.7
1500
43000
300
7.0
<30.0
1.7
_3.0
17.0
0.3
I0.0
13.0
1.3
3.0
1.0
"0.3
•0.3
:0.5
-_0.3
2.7
-:30.0
4.7
0.8
L20.O
_0.2
820 7.7
7300 <200.0
990 7.7
EAA
SEA
YEA
280
1800
39
180 I0.0
410 <3.0
540 O. 7
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The samples for viable particle contents and the several bio-
chemical tests were taken before the sampler-run specimen was
used in mineralogical analysis. The contents of the initial
dilution bottle were used in the sedimentation analysis for
clay.
(2) Assay Results. The viable particle contents for
bacteria and actinomycetes, deduced from the assays of the
field test specimens are shown in Figures 5-1 through 5-4.
Where the figures show no bar for a specimen, the tables will
indicate the estimated viable particle content to be smaller
than some lower limit of detection which depends on the con-
centration of soil in the lowest dilution plated. When the
agar culture plates at the lowest dilution developed no
colonies, the result is reported as the population less than
that corresponding to one colony on that culture plate.
The population estimate for the control specimen from each
site is labeled CTL and is presented at the left of each
chart. Where multiple sets of values are given for a parti-
cular sampling run, these sets correspond to replicate via-
bility tests of the same specimens.
Three types of specimens were obtained with Sampler i0, the
DWB sampler. A specimen whose Run No. has an appended -i,
was collected and transported pneumatically during the wire
brush traverse. It is generally a small, very fine, fluffy
specimen. A -2 appended to the Run No. indicates that the
specimen was collected in the hopper of the cyclone collector
by the standard gravity dump mode during which the pneumatic
transport feature was also operative. This specimen was
coarser than the "-I" material. An X appended to the Run No.
indicates that the specimen was collected from the discharge
of the cyclone collector during the gravity
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dumptransfer operation. The specimenwhoseRun No. has an appendedR
was the residue retrieved from the boomwhenit wascleaned after the set
of runs at that site. Whereno special notation is appendedto the Run
No., the specimenwas collected in the manner of the "-2" specimens.
(3) Sprinkle Plates. Sprinkle plates were prepared from soil speci-
mens which consisted of dust traces or too little material for quantative
assay.
This type of test is useful for determining whether microorganisms are
present at all in a trace sample, for comparing the abundance of micro-
organisms with respect to the number of dust particles, and to provide
information on the types of organisms associated with soil or dust particles.
The sprinkle plates were made by shaking traces of dust onto the culture
medium surface from sterile spatulas or directly from the plastic bags or
bottles in which the specimens were collected. Immediately after being
prepared, the plates were sealed with masking tape. Trypticase soy agar
plates, sealed in plastic film, were used for sprinkle plates made in the
field, while yeast extract agar (YEA) was used for cultures made in the
laboratory. Growth on sprinkle plates generally appeared as discrete
microbial colonies which surrounded the individual dust particles. Micro-
organisms on the particle surface, not in contact with the culture medium,
can grow since a film of water containing nutrients tends to cover the
particle.
Sprinkle plates were made at the pahoehoe basalt site immediately after
collection of specimens 4CI, 7Ci, IICI, IIC2A and IIC2B (Table 5-13).
Samples IBI, ICI, IC2, 2C2 and another portion of sample 7CI were pro-
cessed upon return of the field-test personnel to the Philco-Ford labor-
atory. Two or 4 plates were made from each specimen.
After i0 days incubation at room temperature (Table 5-13) all cultures
prepared in the field developed numerous colonies of bacteria, actinomy-
cetes, and molds. The rather high proportion (about 50 per cent) of pink-
pigmented bacterial colonies in several samples is of particular interest.
Microscopic examination of several colonies revealed large cocci. These
organisms resemble microbial types which are known to be especially re-
sistant to desiccation and ultraviolet or ionizing radiation. It is not
unreasonable to expect at least part of the basalt surface flora to
possess resistance to environmental extremes.
A high incidence of pigmented colonies was also seen in a culture pre-
pared at the test site by gently impressing the upper surface of a frag-
ment of compacted cinders (approximately i x i inch) at several places on
a Trypticase soy agar plate. The extremely irregular surface of this
material and its porosity made it impossible to quantify the surface
microflora. Part of the microbial count data is associated with numerous
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sand grains observed to fall onto the agar when the cinder fragment was
inverted for the initia] surface impression. A total of 271 bacterial
colonies were obtained of which 146 were pink, 9 orange and 116 unpig-
mented. Four actinomycete and 8 mold colonies developed.
TABLE 5-13
MICROBIAL COUNTS FROM SPRINKLE-PLATE TRYPTICASE-SOY
AGAR CULTURES OF PAHOEHOE BASALT DUST
Specimen No. Number of Bacterial Colonies
Sampler
No.
4
Ii
ii
Ii
I Soil
Model
No.
I
C
I
t
C
C
C
C
Run
No.
2A
2B
Pigmented
4 orange
5 pink
2 yellow
I orange
14 p ink
i yellow
7 orange
31 pink
3 yellow
12 orange
39 pink
6 yellow
5 orange
29 pink
4 yellow
I red
Number of
Other Colonies
Non-
pigmented
59
15
47
47
40
Actino-
Total mycetes
70 6
31 4
88 4
"104 4
79 4
Molds
1
4
Sprinkle plates from specimens IBI, ICI, IC2, and 2C2 were inspected after
22 days incubation. The large numbers of colonies on these plates made it
impractical to count them. Numerous punctiform colonies were seen. Molds
were present on each plate and numerous actinomycetes developed on the
pahoehoe basalt plates.
Only one bacterial colony was seen on the two laboratory-processed sample
7CI plates after 21 days' incubation even though numerous dust particles
were on the plates. This basalt dust sample was not collected by the
helical conveyor, but consisted of cohesive drill dust left on the basalt
surface. One can surmise that most of the basalt dust particles originated
subsurface and abrasiondestroyed microorganisms which were on fragments
of the basalt surface.
5-27
(4) Assays of Sampler-Rejected or Holdover Material. Polyethylene
bags were attached over the sampler exhaust ports to collect the trace-to-
gram quantities of dust discharged with the pneumatic system's
exhaust. Specimen 10B3X, the effluent from the exhaust o_ the cyclone
collector on the DWB sampler, had essentially the same microbial content
as the duricrust specimen retained in the cyclone collector. Specimen
IOB3X contained 3.5g of material.
Retention of dust and associated microorganisms in the DWB telescoping
boom of Sampler i0, was measured after the runs in the duricrust. The
inner wall of the boom was wiped with a sterile swab attached to a sterile
rod. The swab was then rolled onto two successive Trypticase soy agar
plates. By tapping the vertical boom, the trace of dust, dislodged by
the swabbing, was distributed onto another plate of the same medium.
These cultures were incubated at room temperature for 15 days. The re-
sulting data, shown in Table 5-14, demonstrates that such trace amounts
of duricrust dust hold hundreds of viable microbial particles. The
dislodged-dust plate contained several hundred tan colonies which have
been included with the unpigmented bacteria in Table 5-14. The swab
retained numerous actinomycete and mold particles after being rolled on
the agar. The actinomycete and mold counts are probably not representa-
tive of the true populations since competition from rapidly growing
bacteria ordinarily restricts these organisms and prevent growth of slow
growing bacteria.
TABLE 5-14
MICROORGANISMS RECOVERED FROM THE DWB SAMPLER
BOOM TESTING ON DURICRUST
Culture
Origin
Swab A
Swab B
Dislodged
Dust
Number of Bacterial Colonies
Pigmented
18 orange
1 pink
3 yellow
8 orange
I0 pink
6 yellow
4 orange
8 pink
12 yellow
Nonpigmented
350
330
994
Total
370
354
1018
u if I
Number of Other Colonies
Actinomycetes Molds
• i| i
3 0
1 1
0 0
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(5) Observations on Assay and Sprinkle Plate Results. In most cases,
the sampler mechanisms did not cause any gross changes in the viable
particle content of the soil sampled. Two sampler design features which
did cause readily apparent changes were mechanisms which rubbed the spec-
imen under pressure and which acquired and transported the specimen
pneumatically. In the tables and figures the effects of these features
are not, however, easily separated from the effects due to variation of
the size and character of the soil microbial population among the test
sites and within each site.
(a) Samplers with Pneumatic Features. Sampler 2, the JPL conical
abrading sieve with open-flow pneumatic transport, produced a specimen of
dunes soil containing a viable particle concentration one to two orders of
magnitude greater than that of the control for both bacteria and actino-
mycetes. The information in the tables and figures also suggests that
Sampler i, Litton aerosol sampler, and Sampler Ii, JPL closed-cycle
vacuum cleaner both enriched the specimen in viable particle content during
acquisition and transport. The effect is more apparent for the fragile
actinomycete particles than for the bacteria. All three samplers use a
combination of pneumatic acquisition and transport which might be either
more gentle on the specimen or sort it to exclude nonbiological particles.
Sampler 2, for example, on the basis of the soil particle size distribu-
tion data discussed in Appendix D, sorts and collects the finer fraction
of the dune sand. Because microorganisms tend to form colonies on the
surfaces of the soil particles, the microbial cells would be more abundant
in the fraction with the greatest surface area, the fines. Because they
do not sort the soil particles on the basis of size, a different explana-
tion is required for the behaviors of Samplers i and ii. Here the sorting
appears to be aerodynamic with the light-weight-large-diameter particles
being collected preferentially.
(b) Samplers with Specimen Rubbing Features. The low count for this
series was obtained with sampler 5, JPL's deep abrading cone sieve. Al-
though, some reduction in viability might be inferred for this sampler in
the duricrust and compacted cinders, the viable particle counts are not
reduced sufficiently to be significant. The soil particle size analysis
indicates that this sampler selectively collects the fine portion of the
soil, producing a sample with the peak or mean grain size at i00 microns.
In comparing the particle size distribution of the dune sand control and
the collected sample, however, no evidence of crushing or grinding of the
material during transport by the helical conveyor was noted. (Figure
D-25 of Appendix D). Thus, if the conveyor did in fact destroy organisms,
as may be indicated in Figure 5-1 for sampling run 5A2, this must be a
result of the grains rolling against each other with sufficient pressure
to rupture the organism. The conveyor housing for this sampler is lined
with silicone rubber and the dwell time in the conveyor is of the order of
30 seconds to one minute.
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The lack of colonies on plates from specimens9A3 and 9A6 from the VCS
sampler represents either manipulative errors in the procedure or merely
reflects the assay sensitivity which for these samples was i x 103 organ-
isms. A significant number of plate counts with sand samples were found
to require a dilution sensitive to I x 102 organisms per gram. However,
the results obtained in the viability assays for this sampler in com-
pacted cinders and particularly desert pavement showa similar re-
duction in the viability count with this sampler. Particle size analysis
of VCSspecimens indicates someloss of the fine material by this sampler.
The loss mayoccur during the sample transfer by spin dumpwhenthe very
fine material loses velocity and settles out before reaching the collec-
tion chamber. This loss would increase the amount of coarse material
thereby reducing the amount of organic material in a unit weight of the
specimens.
For this samesampler, another effect, which is probably more significant,
is a result of the modeof acquisition. In this sampler the acquisition
head consists of a large diameter, large half-angle cone with two rela-
tively narrow sample inlet ports resulting in a slow penetration rate.
The soil being abraded is therefore confined against the conical surface
as it rotates. This confinement causes the loose grains nearest the
sample inlet ports to be rolled over each other, much in the manner
described for sampler 5, resulting, possibly, in forces which could rup-
ture the organisms. This theory is supported in part by the generally
low viability for the more fragile actinomycetes obtained with this
sampler in the dune sand.
Sampler 7 definitely crushes and grinds the material as it passes through
the helical conveyor. This conveyor housing is steel with no rubber
lining as sampler 5 has. The results obtained for 7E2 (compacted cinders)
appear anomalousin that a biological enhancementin the specimen is
suggested by the data in Figure 5-3. Viable particle counts for this
sampler in the other test sites were not made. A similar sampler mechan-
ism was used in the tests on infected Nevada60 sand. In this case a
reduction in viability by a factor of 5 was noted.
In rejecting coarse material, selective acquisition may reduce the degrad-
ing effects of crushing the soil grains by collecting an organically en-
riched sample from soils with a wide particle size distribution, such as
sand. To obtain this organic enrichment, degradation of the
specimenviable particle content should be expected. The apparent anomaly of
sampling run 7E2could also be explained by an encounter with a biologi-
cally rich microenvironment in the soil. These observations illustrate
the complex of parameters which must be considered in assessing the
apparent performance of a sampler with respect to viable organism content
of the sample.
Another anomaly is indicated by the very low count for sampler 6, JPL's
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soil auger, as shownfor the bacteria count in Figure 5-3. This run was
madein compactedcinders. Since the soil auger in this sampler is essen-
tially a bulk sampler with no severe abrading action and since a corres-
pondingly low count is not observed for the actinomycetes, this is probably
a result related to microbial inhibition rather than the characteristics
of the sampler. The roles of copper and other metals, shed by the samplers,
on the viability assays were not evaluated.
The high and low counts obtained in this analysis for each soil at the dune
sand, duricrust, compactedcinders, and desert pavement test sites are
tabulated in Table 5-15.
TABLE5-15
SOIL SAMPLESYIELDINGBACTERIALCOUNTEXTREMES
SpecimenNo.
Soil
Sampler Model
No. No.
2 A
5 A
i0 B
5 B
i E
ii E
ii F
9 F
RUN
NO.
2
2-1
I-i
2
I
i
i
Bacterial Colonies on SEA,
thousands per gram of soil
High Count Low Count i Control
300 5.3
0.43 5.3
84000
6300
_3000
3400
ii
78
25000
25000
370
370
1800
1800
(c) The Soil Population. The viable particle content of the control
dune specimen was two or more orders of magnitude lower than those for the
duricrust, compacted cinders, or desert pavement specimens. The viable
particle content for this control specimen was on the order of i000 per
gram of soil. The very large bacterial population in the control duricrust
specimen, as indicated in Figure 5-2, may be related to a fixed surface
flora of algae. Cameron and Blank (1966) noted that semiarid and compara-
tively arid soils can have bacteria and actinomycete populations which
approach 106 or more cells per gram of soil. Within two centimeters of the
surface, algae may be in equivalent abundance. They are an important
source of soil organic matter. Growth of algae from the control duricrust
specimen was observed in the sedimentation suspensions made in the course
of the clay analysis. This surface flora of algae could provide the
source of nutrient for the bacterial population at this test site.
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b. Carbon CQntent. The carbon content assays, using the methods
discussed in Appendix C.2, were unable to show significant differences
among the sampler performances in the various soils. Nevertheless, the
data in Table 5-16 suggest that sampler 9 acquires a sample
richer in organic carbon than does sampler i0 when both are
sampling either duricrust or desert pavement. These samplers
performed with opposite ranking on specimen viable particle content,
The amounts of carbonates and organic carbon in the field specimens were
generally less, but not significantly so, than those in the specimens PI,
P2, and P3 used in the preliminary laboratory studies. Only the duricrust
specimens contained enough organic carbon or carbonates to be measured
with any degree of precision.
A principal reason for the variation shown among the assay results in
Table 5-16 is that each of the sampling sites contained different numbers
and sizes of discrete particles of purely organic material deposited in
the soil by animals, plants, and the wind. They were not numerous.
Against a background of almost no homogeneously distributed carbon in
these soils such discrete particles could have produced conspicuous varia-
tion in no way attributable to sampler performance.
The apparent negative release of carbon dioxide from the dunes and desert
pavement samples is an artifact difficult to explain. It arises in the
measurement of the changes in weight of the carbon dioxide collection bulb.
It appears to be associated with the carbon-lean soil specimens and may be
the "blank" response. The magnitude of this artifact is too small, how-
ever, to be of consequence.
c. Aipha-amino Nitrogen Content. When acutally applied to the field
test specimens, the alpha-amino nitrogen assay proved more effective in
discriminating among the soil samplers than it promised on the basis of
the preliminary laboratory work. The procedure is lengthy, however, and
ties up the equipment for long periods of time. For this reason, the
number of samples which could be processed in a given period of time was
restricted. Moreover, the carbon assay had pre-empted the available
sample in several cases.
Application of Student's t-test to the differences between the means of
alpha-amino nitrogen contents reported in Table 5-17 for the specimens and
the controls, showed that, at a confidence level of 80 per cent, sampler i,
the Litton sampler, concentrates alpha-amino nitrogen-rich material. This
performance resembles that observed in the Litton study (1965).
The explanations for these effects are related to the distribution of alpha-
amino nitrogen among the particle-size or weight fractions of the soil.
Sampler i seems to enrich the specimen with respect to both viable particles
and alpha-amino nitrogen suggesting thereby that both are pneumatically con-
veyed with ease. Sampler i0, on the other hand, rejects alpha-amino nitrogen
but not viable particles, suggesting that the alpha-amino nitrogen is in par-
ticles more easily airborne, and wafted out the exhaust port during the pneu-
matically assisted gravity dump cycle, than are the viable particles.
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SpecimenNo.
SamplerISoil _
No. Model
No.
i A
!
i A
CARBON CONTENT
Weisht
of Soll
Run Sample,
No. grams
TABLE 5-16
OF FIELD TEST SPECIMENS
i I
. Carbon Contents of Field Specimens
Carbonates Organic Carbon
!Weight of CO 2 Per cent Weight of CO 2 Per Cent
Released, Carbonate Released, Organic
milligrams Carbon milligrams Carbon
i 12.8589 -1.3
12.5972 0.2
16.7716 -0.5
_12.3463 -2.8
I0.3833 -13.2
2 7.8336 -2.5
<0.01 53.2* 0.II*
<0.01 2.9 <0.01
<0.01 -i.0 <0.01
<0.01 -3.8 <0.01
<0.01 -1.2 <0.01
<0.01 -2.0 <0.01
<0.01 -2.2 <0_019 A i
I0 A 3
(A) Dunes Control
B I
4.9898 -0.8
14,1861 -1,4 <0.01
14.1136 -1.5 <0.01 -i.i <0.01
13.2469 -0_8 <0.01 -1.2 <0.01
Lt
B 2
I0 B
(B) Duricrust
Control
9 E
(E) Compacted
Cinders
2-2
5.6588
6,0629
22.2 0 .ii
22,5 0.I0
6.3978 34,7 0.15 32.6 0.14
3.8908 25.0 0.18 21.3 0.15
6.4756 44.6
35.63.8232
0.19
0.25
0.31ii,7055
28.9
ii .7
134.5
0.12
0.08
67,2 0.16
15.2151 211.3 0.38 110.9 0.20
3 16.5300 28.4 0.05 32.7 0.05
Control
9 F I 5.6847 -5,1 <0.01 6.3 0.03
5.1086 0,0 <0.01 -7.8 <O.01
6.3760 -2.2 <0.01 4.6 0.02
I0 F 2 4,7866 9.8 0.06 -0.3 <0.01
4.8957 0.5 <0.01 -0.i <0.01
14.6250 -0.9 <0.01 5.5 0.01
13.6948 2.9 <0.01 8.4 0.02
(F) Desert Pavement
Control
* Anomalous results
** No data obtained
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TABLE5-17
ALPHA-AMINONITROGENCONTENTOF FIELDTESTSPECIMENS
I
Specimen No.
Sampler
No.
Soil
Model
No.
A
Ai0
(A) Dunes Control
Run
No.
B 29
(B) Duricrust Control
9 E 3
(E) Co_acted Cinders Control*
9 F 1
F 2i0
(F) Desert Pavement Control
Test
Replicate
No.
I
2
3
i
2
3
I
2
3
i
2
3
i
2
3
i
2
3
I
2
3
1
2
3
i
2
3
Alpha-Amino
Nitrogen Content,
per cent
0.0182
0.0140
0.0210
0.0070
0.0112
0.0070
0.0154
0.0168
0.0098
0.0238
0.0154
0.0182
0.0196
0.0182
0.0196
0.'0224
0.0140
0.0098
0.0168
0.0140
0.0168
0.0140
0.0098
0.0154
0.0154
0.0168
0.0154
I I
* No data because control specimen obtained was not representa-
tive for all sampling spots at the site.
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d. Deoxyribose Content. For purposes of this program, the deoxyribose
(DOR) assay was the least useful of those employed for evaluating the bio-
logical effectivenesses of the soil samplers. This was not because of any
defect apparent in the assay but because within the scope of the program
more development and verification work was required than could be accom-
plished. New facets of the assay were still being discovered during the
final phases of its application to the field test specimens. Resources did
not permit even the checkout of the alternate method discussed in Appendix C4.
For these reasons, no reliable inferences about soil sampler performances
can be drawn from the data obtained. The assay results are presented in
Table 5-18, however, to shed light on the nature of the assay as it was used.
The results are expressed as raw-data spectrophotofluorometer scale division
readings of the relative intensity of fluorescence (RIF).
Although the RIF values obtained and presented in Table 5-18 do have some
structure and reproducibility among themselves, it is perhaps not enough to
suggest that only the soil DOR content caused the variation observed. For
example, the dunes specimens suppressed the RIF below that of the blank.
The RIF produced by the Puriss dihydrochloride 3.5-diaminobenzoic acid (DABA)
preparation used in test replicate 1 was only one-half to one-tenth that
produced by the purified practical grade material used in replicates 2 and 3.
Comparison of the values for the first and second test replicates shows this
effect. The preliminary laboratory study of this factor, on the other hand,
showed essentially no difference between the two forms of DABA reagent. To
decrease chances for variation due to the DABA purification process, the
Puriss material was chosen initially for the field test assays. Difficul-
ties with the assay and the equipment, however, exhausted the supply of
Puriss material and forced a return to the purified practical grade DABA in
the middle of the assays of the field test specimens. This change produced
results, shown in Table 5-18, suggesting that the initial choice had been a
poor one.
Test replicate 2 approaches most closely heing a "good" assay. Its being
good was more fortuitous than intentional, however, because during the rush
of events late in the laboratory effort, the practical grade DABA was stored
overnight in contact with the charcoal and acid - not the standard procedure
developed earlier for DABA reagent purification. The RIF's using this
material appeared unreasonably high and, at first, were rejected and the
assay of the blank overlooked. The color of this DABA reagent, on the other
hand, was of the correct straw color not previously obtained in the purifi-
cation of this reagent. On comparison of the RIF's obtained with this
material and with the standard, partially purified material used in repli-
cate 3, the RIF values obtained appear plausible. Although the RIF values
for these two test replicates agree closely as far as the specimens are
concerned, the DOR and DNA replicate-3 control samples produced RIF's
identical with that of the blank, irrespective of DOR or DNA concentration.
The validity of test replicate 3 is therefore in question.
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TABLE5-18
DEOXYRIBOSEASSAYRESULTSFORFIELD TESTSPECIMENS
SpecimenNo.
Sampler Soil
No. Model
No.
I A
i A
9 A
i0 A
i0 A
Run
No.
(A) Dunes
Control
i0 B 2-2
(B) Duricrust Control
E
Test
Repli-
cate*
No.
i
2
3
i
2
3
i
2
3
i
2
3
i
2
3
2
3
i
2
3
2
3
i
3
i
2
3
i
2
3
Amount
of Sample,
micrograms
(E) Compacted Cinders Control +i
I
20,000
20,000
20,000
20,000
20,000
20,000
20,000
20,000
20,000
20,000
20,000
20,000
20,000
20,000
20,000
20,000
20,000
20,000
20,000
20,000
20,000
20,000
20,000
20,000
20,000
20,000
20,000
20,000
20,000
20,000
Cuvette
Diameter,
millimeters
2**
4***
4
2
4
4
2
4
4
4
4
4
4
4
4
4
4
4
4
4
4
Instrument
Sensitivity
Setting****
0.01
0.i0
0.i0
0.01
0.i0
0.i0
0.01
0.i0
0.i0
0.01
0.i0
0.i0
0.01
0.i0
0.i0
0.i0
0.i0
0 .Cl
0.i0
0.01
0.i0
0.01
0.i0
0.01
0.01
0.i0
0.01
0.01
0.i0
RIF,
scale
divisions
14.0
20.5
20.0
10.5
22.5
20.0
12.0
20.0
20.0
12.0
20.5
18.0
11.3
20.5
16.0
20.5
17.0
25.0
3.3
28.0
5.0
14.7
9.0
19.5
105.0
i0.0
22.8
39.0
6.0
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TABLE5-18 (cont)
DEOXYRIBOSEASSAYRESULTSFORFIELDTESTSPECIMENS
SpecimenNo.
_Sampler Soil
No. Model
No.
i F
9 F
I0 F
I0 F
i0 F
Run
No.
i
IR
2
Test
Repli-
cate*
No._
Amount
of Sample,
micrograms
Cuvette
Diameter,
millimeters
Instrument
Sensitivity
Setting****
RIF,
scale
divisions
(F) Desert Pavement
Control
Deoxyribose (DOR)
Blank
i 20,000 4 0.01 20.5
2 20,000 4 0.01 48.2
3 20,000 4 0.i0 6.0
i 20,000 4 0.01 18.0
i 20,000 4 0.01 17.0
2 20,000 4 0.01
2
3
20,000
20,000
6.9
4.6
4.6
2.3
2.3
1.65
i .65
0.00
0.00
0.00
2
2
4
2
4
2
4
2
4
4
0.01
0.I0
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.i0
i
I
3
74.5
80.0
12.0
43.0
41.8
73.5
30.2
56.3
23.1
41.0
14.0
25.2
27.0
* Replicate No. i used Puriss-(dihydrochloride) grade DABA,No. 2 used charcoal-
purified practical grade DABA,and No. 3 used partially purified practical grade
DABA. Each replicate test had defects in performance of the control or the
reagent, or has no result for the blank.
** The 2-mmcuvette had a square cross section.
*** The 4-mmcuvette had a round cross section and a round bottom.
****F%r any particular specimen in the spectrophotofluorometer, the product of
the RIF and the Instrument Sensitivity Setting is a constant. Note, however,
that the blanks for the two test replicates were independent.
+ No data because control specimen obtained was not representative for all
1 - -- --
sampling spots at the site. - - -
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Test replicate 2, which used the Puriss dihydrochloride DABAappears to
measure the D0Rcorrectly and is therefore presumably a valid test. This
test replicate gave RIF values greater than that of the blank for the
desert pavementand duricrust specimensas might be expected on the basis
of the viable particle and carbon contents of these specimens. The fact,
however, that the reagent used was not as potent as it perhaps should have
been, puts the results under suspicion. Moreover, during the period
between the preliminary laboratory studies described earlier and the
evaluation of the field test specimens, the relationship between RIF and
the amount of deoxyrlbose changed significantly as shownin Figure 5-5.
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50
40
II _ 4-MM CUVETTE
/
I, 4-MM CUVETTE
2-MM CUVETTE A
1 2 3 4 5 6 7
AMOUNT OF DEOXYRIBOSE, MICROGRAMS
I Calibration tests run in preliminary laboratory analysis.
II Calibration tests run in parallel with the evaluation of
the field test samples.
FIGURE 5-5. FLUORESCENCE CALIBRATION CURVES
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5.1.3 RESULTS OF CLAY AND PARTICLE SIZE ANALYSIS
Determination of the particle size distribution and clay content are not,
strictly speaking, biological analysis procedures; they were, however,
performed concurrently with the biochemical and viability assays and were
necessary for the interpretation of the final results. Although the details
are presented in Appendix D, the clay analysis results are discussed here.
The clay contents of each of the control and field test specimens acquired
by samplers at the duricrust test site are given. The 5-minute period of
sonication was determined to be the most appropriate. The results indicate
that samplers 2 and 9 collect specimens containing nearly the same amount
of clay as the control. The gravity-dump collection operation by sampler
I0 in run IOB2-2 also did not affect the specimen clay content. The
concurrent, pneumatically-collected sample, 10B2-1, showed a 30 percent
loss of clay. This loss is possibly due to ejection of clay out the
cyclone collector exhaust. The effluent, from the cyclone collector of
sampler I0, was collected during the gravity-dump cycle for the third run
at the duricrust site. It is designated 10B3X in Table 5-19. The clay
content of this specimen is approximately the same as that of the control
suggesting that the cyclone collector was not ejecting exclusively clay
at the time. Several reasons for nonselective loss of material from the
cyclone exhaust are presented in Appendix D.
TABLE 5-19
CLAY CONTENT OF SELECTED SOIL SPECIMENS
Specimen
(A) Dune Sand
Control
(B) Duricrust
Control
(E) Compacted
Cinders
Control
(F) Desert
Pavement
Control
2B2
9B2
10B2-1
i0B2-2
Period of Soni-
cation, min
i0
I0
5
I0
5
10B3X 5
lOB4 1 5
Weight of
Clay, g
0.0757
0.1335
0.9124
0.6212
0.3889
0.3458
0.3822
1.4673
1.1967
0.2556
Weight of
Silt-Sand, g
4.1426
5.0823
4.4492
1.9909
9.0524
4.5295
3.8083
8.2613
7.0706
2.1727
5.21860.9267
0.3636 2.0177
0.4717 9.0101
Clay Content,
percent
1.8
2.6
17.0
23.8
4.1
7.1
9.1
15.1
14.5
I0.5
15.1
15.3
5.0
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Because the finest clay particles were concentrated on the very surface
of the duricrust test site, even the control sample could not be repre-
sentative of the material which each sampler attempted to acquire. For
example, sampler 2 abrades only the top surface to a depth less than one
millimeter while sample 9 collected to a depth of 32 millimeters. Sampler
I0 samples to a depth of I to 2 millimeters which is also very shallow.
The effect of wind on this sampler as indicated by wind run 10B4-1- shows
that two-thirds of the clay fraction was lost during acquisition. This
is interesting since the wind did not cause any apparent degradation in
the total weight of sample collected, yet apparently removed the clay
size material during acquisition by the wire brush.
The particle size distribution for test site A, Kelso dune sand, is shown
in Figure 5-6. This soil has a characteristically narrow distribution
with the majority of the material falling between i00 microns and i milli-
meter in diameter. The meangrain size is slightly larger than 300
microns.
The particle size distribution for test site B, duricrust, is given in
Figure 5-7. This determination was madeusing two methods. The distri-
bution labeled control sample A was determined by mechanically breaking
down the agglomerated particles and dry sieving. The distribution
labeled B was determined using sonic dispersion and sedimentation analyses.
It was felt that the dry sieving results were adequate, if applied in the
samemanner, to compareany gross effects in the collected soil samples.
It is seen that the dry sieving produced a narrow distribution ranging
from 50 microns up to 500 microns with a meangrain diameter of about
150 microns. It was interesting to note that sonic dispersion and sedi-
mentation techniques did not shift the peak of the distribution curve;
however, it did broaden the distribution. The primary effect was to
reduce the distribution in the coarse material and greatly increase it
in the fines. A sort of secondary peak also appeared at 70 microns
indicating that this soil is a mix of two simple distributions, one
representing a silt-clay population and the other a fine sand-silt popu-
lation.
The particle size distribution for test site E, compacted cinders, is
given in Figure 5-8. It is seen that this is a definite mixture of a
gravel population with a meanparticle size of about 25 centimeters and
a silt-sand population with a meanparticle size of about 70 microns.
The pebble-gravel distribution contains 82 percent of the total by weight
and the sand-silt distribution constitutes the remaining weight of the gross
soil distribution. Most of the samplers evaluated in this study reject
the gravel size material.
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The particle size distribution for test site F, desert pavement, is given
in Figure 5-9. Again, it is seen that this soil consists of two distinct
populations. The coarse population is primarily pebbles with a mean grain
size of 4 to 5 millimeters and a silt-sand size population with a mean
grain size at i00 microns. The fine silt-sand population contains 53
percent by weight of the total while the coarse pebble population consti-
tutes the remaining weight of 47 percent. Again, most of the soil samplers
tend to reject the coarse pebble component of this soil.
5.2 FIELD OPERATIONS ASSOCIATED WITH BIOLOGICAL EVALUATION
This section reviews those aspects of the test operations in the biological
effectiveness evaluation. Section 5.2.1 discusses the cleaning and decon-
tamination procedures that were applied in the field to prepare the DWB
sampler and VCS sampler for sampling at each test site. Section 5.2.2
discusses those operations performed in the field to provide the back-
ground and control data required to support the subsequent laboratory
analysis.
5.2.1 CLEANING AND DECONTAMINATION OPERATIONS
At the outset of the field test phase of this program it was decided that
only the DWB sampler and VCS sampler, developed by Philco-Ford under NASA
contract NASw-1065, would be subjected to extensive cleaning and decon-
tamination procedures before being used at test site A (dune sand), B
(duricrust), E(compacted cinders), and F (desert pavement). These samplers
were not expected to collect a sizeable sample at the basalt test sites.
A possible exception would have been the DWB sampler on test site C
(Pahoehoe basalt); however, this sampler was no longer operative due to
mechanical failures when the field testing was conducted at this site. It
was generally agreed that the remaining samplers were either too difficult
to clean or were not sufficiently unique to warrant an extensive cleaning
and decontamination procedure. For these samplers it was considered to
be satisfactory to clean them as well as possible using appropriate tech-
niques such as blowing out pneumatic transport tubes with high pressure
nitrogen and wiping or brushing soil off of all accessible surfaces.
Following this several flushing runs were to be made at the test site to
aid in removing residual material thereby diluting the effects of any
carry-over contaminants from one test site to the next. The specific
procedure followed in cleaning and decontaminating the DWB sampler and
VCS sampler is given in Table 5-20.
The amount of ethylene oxide vapor used is calculated to be more than
300 mg per liter of gas but not so much that the relative humidity,
deriving from the air, would be less than 35 percent.
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TABLE 5-20
CLEANING AND DECONTAMINATION PROCEDURE
I
•
.
.
4.
5.
.
.
Disassemble sampler sufficiently to allow all parts that
come in direct contact with the soil sample to be washed
with water and wiped to mechanically remove adhering soil
particles.
After drying, assemble as much as possible before ethylene
oxide treatment.
a.
b.
For the VCS sampler, the sampling head shroud is
mounted on the shaft.
For the DWB sampler, the sampling head, boom, and
gear box are assembled less drive motors.
Wrap subassemblies and loose parts in aluminum foil.
Place in decontamination chamber and seal the chamber.
Introduce measured quantity of ethylene oxide gas into
chamber and allow to stand over night.
Remove parts from chamber leaving aluminum foil covering
parts on as long as possible. Parts are to be held with
the aluminum foil when possible during final assembly of
sampler. Plastic or rubber gloves are to be used by the
assembly technician during this procedure.
Sampling will be conducted as soon as possible after final
assembly of clean sampler.
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To assist with the cleaning and decontamination procedure, two fixtures
were fabricated. Oneis a 2.25 inch diameter cylinder 19 inches long.
A removable base is incorporated to which the telescoping boomcan be
attached. This fixture was used for washing the telescoping boomof
the DWBsampler. The technique consists of sliding each segment up and
down individually on the adjacent segmentwhile it is submergedin water
contained in the cleaning fixture.
The ethylene oxide fixture consists of a 6 inch diameter by 32-inch long
aluminum tank. Oneend plate is bolted on and sealed with an O-ring to
provide access to the interior of the tank. The end plate is tapped in
two places and threaded for I/8-inch pipe thread fittings to allow
connections to be made for introducing the ethylene oxide gas used to
complete the decontamination process. This fixture held all the parts
for both the VCSand DWBsampler that were decontaminated, as well as a
swabbing kit which was used to obtain samples of residue adhering to
the inner wall of the telescoping boombefore the subsequent cleaning
procedure is initiated. This residue was tested to determine a gross
order of magnitude viability count remaining in the boomresiduals. The
results are given in Table 5-14, Section 5.1.2.
The samples from each sampler were labeled sequentially so that proper
accounting for any carry-over of microbial or other materials could be
made, if necessary.
In the course of maintaining and cleaning the VCSand DWBsamplers, the
following effects were noted. In the case of the VCSsampler no mechani-
cal problems were encountered and the sampler was relatively simple to
clean and reassemble in the field. It was noted that the tools and
detail parts such as screws and pins should be packaged and placed into
the ethylene oxide decontamination chamberwith the sampler in order to
avoid contamination of the clean sampler during assembly. This was par-
ticularly true for the DWBsampler which was muchmore complex to reas-
semble in the field although in this case, direct contact with the actual
sample collection parts could be more easily avoided. This was true
because the completely assembled sampling head, boom, and gearbox could
be placed in the ethylene oxide decontamination chamber. The final
assembly consisted of mounting this subassembly onto the supporting struc-
ture. In the case of the VCSsampler, the sampling head cutter had to be
installed last because it was too large in diameter to pass through the
support tube if it was first assembled to the drive mechanism. The joint
between the drive mechanismand the sampling head shaft was not accessible
when the drive mechanismwas inside the support tube.
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The required order of assembly, for the VCSsampler, was to attach the
drive shaft to the power feed and drive mechanismand insert this assembly
into the support tube from the top. It was then necessary to run the feed
mechanismdownthe tube so that the drive shaft protruded from the bottom
of the support tube. The cutting head was then attached to the drive
shaft and the tapered shroud was adjusted to the correct sample exit slit
width.
During the process of cleaning, it was discovered that the spring flaps
covering the openings in the cutter head of the VCSsampler tended to
trap particles beneath them. This holds the spring flap off of the inside
surface of the cutter head leaving an opening up to one eighth inch wide
at the inlet ports. This did not appear to degrade the sample collection
capability seriously. This phenomenonoccurred most frequently in the
soil models containing pebbles such as the desert pavement and compacted
cinders. In one case after running in the compactedcinders, 17 pebbles
ranging in diameter from 2 to 4 millimeters were removed from beneath the
spring flap. In the case of the DWBthe residue left in the mechanism
occurred in the sampling head, the inside surfaces of the boom, and in
the transport tube located in the extension control gearbox. The duri-
crust soil model was a very fine material and exhibited a strong tendency
to compact and stick to surfaces. During the gravity dumpcycle large
amounts of material were ejected from the cyclone collector which adhered
to the external surfaces of the DWBboomand gearbox. This was partly
due to the cyclone collector choking up with soil. It was necessary to
rap the boomand cyclone collector continuously during the sample dump
phase in order to effect soil transport. During the disassembly and
cleaning of this sampler, the residue in the sampling head, the boom,
and the gearbox was collected and weighed. The amount of residue obtained
in the wire brush sampling head was0.17 grams. The boomhad a residue of
0.12 grams and the gearbox contained 0.37 grams resulting in a total of 0.66
grams. After the last run in the desert pavement, a total of 9.8 grams
was recovered. It should be pointed out that it was not possible to
complete the gravity dumpcycle on this run because of failure of the
extension control gear train. Thus, this large quantity does not repre-
sent residue but rather unrecovered sample. In comparing this sample to
the sample that was recovered in the sample bottle on the cyclone col-
lector, a difference in particle size was noted. The material in the
bottle consisted of only fine material. The material taken from the gear-
box contained about 2 dozen pebbles up to 6 millimeters in diameter. It
appears that the larger particles from 2 millimeters and up were not dis-
posed to turn the right angle corner that exists in the transport tube
just before entering the cyclone collector. It is probable that someof
these pebbles were left in the boomafter the first run in the desert
pavementas well as the second. The primary characteristic of the DWB
sampler in the desert pavementwas that the brush would consistently
stall after traversing about 6 inches or less. In somecases the stall
occurred as soon as the brush encountered the surface. It is felt that
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the pebbles in the size range of those found inside the boomare the
critical size in terms of loading up and jamming the wire brush sampler.
5.2.2 TESTSUPPORT
Screw-cap jars (2 and 8 ounce) suitable for sample collection were steam
sterilized in paper sterilizing bags. Polyethylene bags made from the
one-foot flat tubing in 2, 6, 8, and I0 foot lengths were used for batch
collection of soil samples to be processed as controls and for exhaust gas
collection from several samplers. The bags also were used to cover the
ethylene oxide sterilization chamber. Control samples were collected
from each corner of each test site, before testing began, using a trowel
which had been sterilized by holding it in the flame of a propane torch.
In this manner, cross-contamination of the control sampleswas avoided.
A bar-type heat sealer was used in the field to seal soil samples in
polyetheylene bags.
Household food bags of several sizes were useful in collecting samples
from samplers which did not have a collecting jar as an integral part of
the sampler. Sampleswere stored in these bags only if it was not
feasible to transfer the contents to jars. It should be pointed out
here that the thickness of the plastic film, of which the household food
bags were made, is not really adequate for the storage of soil samples.
This is particularly true where the samples are large and contain large
particles such as pebbles and gravel. In several cases it was noted that
these large particles cut through the plastic film in the process of
handling them. This also occurred, to someextent, with the bags fabri-
cated from the polyethylene flat tubing which was several mils thick.
Sampledata marked directly on the sample container with a black felt
marker included sample code number, date and time of sample collection,
and occasional notes required for specific samples. Sampleswere stored
in shade during each day of field activity. Sampleswere returned to
the laboratory at Philco-Ford at intervals during the field testing in
order to minimize loss or contamination of samples.
Materials were taken to the field to perform dilution plating at the test
sites. Space limitations and wind and temperature considerations,
encountered in the field, made it evident that biological studies were
best done at the Philco-Ford laboratory. An assortment of prepared petri
dishes were also taken into the field to be used as deemedappropriate to
obtain additional biological background data. Oneexample was the place-
ment of an array of petri dishes along the upper and lower edge of the
Kelso dune test site as recorded in Figure 4-13. The intent was to
determine the order of magnitude of viable material that was contained
in fallout from the air and whether or not the type of organisms detected
in this manner were different than those contained in the collected
samples.
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The incident airborne microflora which settled on agar plates exposed for
one hour was determined at the sand dune test site on November9, 1967
between 1120 and 1220 hours. The prevailing wind was a light to moderate
south to north breeze. Ten yeast extract agar plates were placed in line
two feet apart and one foot inside the upwind (south) side of the test
area. Five plates were placed four feet apart at the downwind (north)
side. The petri dishes were sealed with masking tape and returned to the
Philco-Ford laboratory the next day. Plates were counted four days after
they were prepared.
All plates had one or more mold colonies and only one plate did not have
any bacterial growth. Upwind plates had an average of 2.1 molds and 3.8
bacteria per plate while the average for downwindplates was 3.2 molds
and 3.2 bacteria. Onemayconclude that the airborne microorganisms
would not significantly influence viability data from soil samples obtained
with samplers which drew desert air into the sampler.
Another exampleof the use of an array of petri dishes to collect auxil-
liary data was the placement of these dishes on the downwindside of the
wind generator as shownin Figure 4-14. The intent here was initially to
determine whether or not the wind preferential carried an abundanceof
fines or biological material. As it turned out, so muchsand was moved
by saltation that those petri dishes centered around the main stream of
air were covered within a few minutes. Growth of organisms was observed
on someof the peripheral dishes; however, the analysis of this data was
not pursued since it was felt that no useful biological conclusions
could be obtained. Again, no differences in the types of organisms were
detected.
At the aa and pahoehoebasalt test sites, the general lack of success
of the samplers in acquiring a sample prompted the biologist team member
to attempt to acquire a sample from the surface of these materials with a
piece of adhesive plastic tape. Small particles adhering to the surface
of the basalt were acquired. No quantitative assessment was madewith
this sample; however, it was noted that the tape only contacted the high
spots missing the more desirable depressions. A typical characteristic
of both these types of basalt is the porosity of the material. It was
discovered that this porosity is of an open cell structure when pieces
of this material, which were brought back from the field, were washed
in an attempt to clean them. It was also noted that fine material was
able to migrate into these pores and accumulate there. Inclusions of
this fine material in the rock form ideal microenvironments in which
microbial populations can flourish. This suggests, that for basalt
with this structure, it would be worthwhile to obtain a sample from the
interior of this rock for a biologically oriented experiment. Thus,
the requirement of utilizing a rock sample for biological analysis sug-
gests the use of a coring type drill sampler capable of penetrating a
basaltic material.
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5.3 LABORATORY TESTS OF INFECTED SAND
One portion of the laboratory phase of the test program was to test the
DWB sampler and the VCS sampler in a sand inoculated with a known type
and quantity of an organism. The purpose of this test was to attempt to
determine the magnitude of change in viable organic content produced in
the collected sample by the sampling mechanism. Later in the program, a
JPL sampler was added to this test. This was a sampler mechanism similar
to, but not identical to, sampler 7 tested in the field. This is a
helical conveyor sampler with the metallic conveyor housing or casing
without a rubber lining. The detail characteristics of each conveyor
are tabulated in Table 5-21.
TABLE 5-21
HELICAL CONVEYOR CONFIGURATION FOR SAMPLER 7 AND
JPL SAMPLER USED IN INFECTED SAND TEST
, -m um |n
Configuration Item Sampler 7 Alternate Sampler
Housing O.D. 0.25 in. 0.25 in.
Thread Width 0.04 in. 0.04 in.
Helical Lead 4½ turns/in. 4 turns/in.
p,
0.22 in. 0.25 in.Helical Pitch
Conveyor Length 30 in.
1900 rpmRotational Speed
42 in.
2000 rpm
Each of the helical conveyors used a square thread form which gives a
thread depth of 1.00 to 1.25 millimeters.
5.3.1 SOIL SAMPLE PREPARATION
An ll-pound portion of Nevada No. 60 sand was inoculated with enough dried
spores of Bacillus subtilis var. niger to produce a concentration of 106
spores per gram of sand. Sterilization of the sand before inoculation
was unnecessary because, first, the sand contained a very small initial
microbial population and, second, bacteriological examination disclosed
no evidence of B. subtilis var. niger in this population.
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After inoculation, the sand was tumbled for 5 minutes in a rotating drum.
This inoculated sand was then dispensed in 1-pound aliquots into 10-pound
portions of the samesand. Each portion was then tumbled for 5 minutes.
Finally, all Ii portions were mixed to yield 121 pounds of sand containing
105 B. subtilis var. niger spores per gram.
The sand was then placed in the test bin for use as one of the soil models
for the ambient-condition laboratory tests of the samplers. The bin was
covered with aluminum foil to protect the contents until the tests were
run.
5.3.2 SOIL SAMPLING PROCEDURE
Before this test was conducted, each sampler was disassembled and thoroughly
cleaned using the same procedure as was applied in the field tests with the
exception of the ethylene oxide decontamination cycle. This was not con-
sidered to be necessary because of the uniquely identifiable control
organism used to infect the sand. Thus, the test was run with each sampler
entirely free of any residual soil in the mechanism.
The soil sample was contained in a test bin 2 feet long, 2 feet wide, and
i foot deep. This posed a minor problem with the DWB sampler since it
traverses a distance of about 8 feet during a run. A full duration run
was desired since the collection chamber fills within a few seconds in
sand. After this happens considerable agitation and working of the sand
being taken in was observed. Since a larger sample is collected than can
be held in the built in collection chamber, this excess sample must gra-
dually accumulate in the last segment of the telescoping boom. This
portion of the collected sample, therefore, represents sand which has been
exposed to considerably more mechanical abrasion which might destroy the
organisms contained in the sand and should be included for the viability
assay. In order to achieve a full length run with this sampler it was
stopped after completing a traverse of the test bin and the head gently
lifted to just clear the surface of the sand. The test bin was then moved
over the necessary amount and the sampling head gently lowered onto the
surface. No loss of sand from the sampling head was observed during this
procedure. This was repeated as many times as necessary to complete the
full length run.
Before starting the test runs, the aluminum foil covering was removed and
the first few millimeters of the surface was raked to one side of the bin
to expose a fresh surface. A two minute run was made with the VCS sampler
at one side of the bin collecting 16.4 grams of sample. The DWB sampler
was then run over the center of the bin as described above, collecting
56.5 grams of sample. The helical conveyor sampler was then inserted into
the sand to a depth of 3 to 4 inches. It was necessary to hand hold this
mechanism since it had no ;_upport structure. It was observed that samples
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began to be delivered 24 seconds after starting the sampler. This is
consistent with the results observed in the field for sampler 7. The
sampler was run until about 20 gramswere collected which was then trans-
ferred to a bottle from the funnel at the top of the conveyor. The col-
lected sample exhibited the characteristic change in color from light tan
of the sand to a definite gray color for the sample, which was noted in
the field for sampler 7. The sampler was then reinserted into the sand
without cleaning and a similar quantity was collected. Two samples were
taken under the premise that the dwell time in the conveyor might be less
for the first sample collected by a clean helical conveyor which would
therefore be subjected to less abuse than the second sample. Each of
these sampling runs were 3 minutes long resulting in a collection rate of
about 6 to 6½grams per minute. Unfortunately, this type of data was not
obtained for sampler 7 in the field tests at the Kelso dune sand site.
It was obtained for sampler 7 at the duricrust site, as is illustrated
in Figure 4-28. It is noted that 3 minutes of run produced a 17 gram
sample at this site at a rate of 5.7 grams per minute. Thus, the general
operational characteristic for this sampler mechanismand sampler 7 cor-
relates very well, which is to be expected of mechanismsas similar as
these.
After completing the sampling runs with the samplers, a control sample
was taken from the bin by hand by scooping the mouth of the bottle into
and along the surface. Fifty-five grams of control sample were collected.
5.3.3 VIABILITY ANALYSIS
The material acquired by the samplers was transferred to clean sterile
bottles. A lO-gram portion was then serially diluted in water and plate-
count cultures prepared. After I day's incubation at 37°C, the B. subtilis
var. niger colonies appearing on the culture plates were counted. The
viable particle concentrations in the sampler-acquired samples were
deduced from these colony counts and are reported in Table 5-22.
TABLE 5-22
SPORE CONCENTRATIONS IN SAMPLES COLLECTED FROM INOCULATED SAND
7
Sample
Helical Conveyor
VCS Sampler
DWB Sampler
Control
Replicate
1
Spore Concentration,
Spores per gram
2.0 x 104
3.1 x 104
9.0 x 104
13.0 x 104
II.0 x 104
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Only the helical conveyor sampler produced specimenswith spore concentra-
tions different from that of the control. This sampler comminutessand
grains and in the process apparently reduces the viable microbial popula-
tion by a factor of 3.5 to 5.5. It is noted that no essential difference
was obtained between the first and second run with this sampler. Very
likely the total size of sample taken was too large to determine the
initial effects of filling the conveyor. The first 0.5to 1 gram of sample
should be used before any unique effects are diluted or maskedby the bulk
of the sample collected.
5.3.4 MECHANICALEFFECTSONSAMPLE
To complete the analysis of this test and to augment the data obtained
in the field tests for sampler 7, the residual sample collected by the
helical conveyor in these tests was subjected to a soil particle size
analysis. The percent finer or summationcurve obtained for this sample
is shown in Figure 5-10 and compared to the control for Nevada60 sand.
An abrupt change in the slope of this curve occurs in the particle size
range of 125 to 250 microns. Above and below this point, the slope of
the curve is morenearly like that of the control indicating that the
deviation of particle sizes in these regions have not been as seriously
affected as in the range between 125 to 250 microns. A distribution curve
was derived from this data using the procedure given in Appendix D and is
shownin Figure 5-11. The alteration of the particle size population is
immediately apparent. This sample now consists of two distinct popula-
tions with two peaks in the curve. A lower peak coincides with the mean
grain size or peak of the control sample. Another peak occurs at 70 to 80
microns which coincides with the results obtained for sampler 7 in the
field tests. Estimating the areas under each of these subdistributions
indicates that about 25 percent of the sample exists in the coarse popula-
tion which appears to be residual sand surviving the transit through the
conveyor. The minimumin this curve between the two peaks occurs for
particles near 170 microns or 0.007 inches.
It is not knownwhat the clearance between the helical conveyor screw
thread and the housing is, but it cannot be significantly less than this
value and is probably larger. The outside diameter over the helical
threads was measuredand found to be 0.18 inches. As initially fabricated
by winding 0.04 square wire onto a 0.12diameter shaft, this diameter should
have been0.200 initially. Thus, approximately O.01inches has worn off
of the thread form. The wall thickness of the housing was initially 0.02
inches. This would have resulted in an initial radial clearance of 0.005
inches which has now worn to 0.015 inches. The0.005 inch clearance would
allow particles of 125 microns to enter the space between the helix and
the housing where the probability of it being crushed is increased. Since
the shaft of a small diameter helix is very flexible, lateral deflections
would allow particles up to twice this diameter or 250 microns to enter
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this space. Thus, the selective crushing in this size range explains the
final distribution obtained in Figure 5-11 producing a decided increase
in the fine population.
The increase of the radial clearance through wear should result in larger
particles being crushed. The 0.Ol5clearance currently existing will allow
particles up to 380 microns to enter. It would be expected that the increase
of radial clearance could cause a gradual change in the grinding charac-
teristics, as the wearing of the helix progresses, resulting in a shift of
the peak in the fine distribution to a coarser grain size. It might also
result in an increase in the percent of the original sand population sur-
viving the transit through the conveyor. The small secondary distribution
with a peak coinciding with the peak of the control sample was not obtained
for sampler 7 in the field tests. This could be the result of a better fit
between the helical conveyor screw and housing.
One final observation can be made here which is pertinent to other mechanisms
as well as this one. The helical screw thread was fabricated of beryllium-
copper square wire and soldered to the shaft. As the conveyor operates, the
crushing or grinding action identified for this sampler causes a high rate
of wear of the Be/Cu thread. This material, or indeed copper alone, con-
tained in a soil sample can be extremely toxic to microbial organisms in
solutions such as are involved with preparing the plate count dilutions.
This could also explain a degradation in the count of viable organisms.
Analyses were not performed to determine the percentage of Be/Cu material
contained in the sample. Thus, a complete determination of the destruc-
tion of viable organisms in the crushing process has not been made; how-
ever, it is reasonable to expect such severe abuse to have some degrading
effect.
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SECTION6
PASSIVESAMPLINGSTUDY
This task was an effort of limited scope which was indirectly related to
the accomplishment of the other tasks in this program; however, it does
constitute an approach to obtaining a soil sample which should be con-
sidered in the ultimate design and development of an unmannedplanetary
probe for Mars. Passive sampling as defined for this task is the acqui-
sition of a particulate sample from naturally occurring phenomena,such
as dust storms or atmospheric fallout, without the use of an active
mechanismwith moving parts. The intent of this study was to obtain
sufficient data which could be useful in the design of such a sampler.
This effort consisted of a fairly comprehensive literature survey from
which the most pertinent data was abstracted or used to extrapolate to
conditions that might exist on Mars.
6. i LITERATURESURVEY
Whenthis literature search was initiated, several major areas of interest
were identified that might yield useful information. These are as follows:
(i) Wind/Soil Erosion
(2) Air Pollution/Dust Collection/Surface Contamination
(3) Meteorology/Micrometeorology
(4) Radioactive Contamination
(5) Aero/Fluid Dynamics
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(6) Geology
(7) Papers pertaining to Mars
Appendix E contains the bibliography compiled in these various fields of
interest. Thosewhich have the identifying numeral encircled were papers
which were acquired and reviewed for informational content. Those areas
of interest containing information most suitable for the development of
engineering design data were wind/soil erosion, meteorology/micrometeorology,
and the papers in which various aspects of the Martian environment are
investigated. The more fruitful sources of information on the mechanism
of soil transport by wind were in the papers by R. A. Bagnold and W. S.
Chepil, although the work of each was oriented towards slightly different
purposes. Bagnold is more concerned with the physics of blown desert
dune sands. He has extensively investigated the mechanismof soil trans-
port and has applied the theories developed to explain the formation and
movementof sand dunes, the formation of surface ripples, and the attendant
grading action of the wind on the sand. His work embracesboth wind tunnel
testing and empirical observation in the field. Chepil's work, on the
other hand, was more concerned with the wind erosion of cultivated soils
and the development of possible methods of preventing this type of erosion.
Like Bagnold, his work also embracedwind tunnel testing and field obser-
vations madewhile working for both the Canadian Department of Agriculture
and the U. S. Department of Agriculture.
Other papers which were germane to this task were the papers of Ryan and
Neubauer listed in the bibliography of Appendix E.7, numbered53 and 45
respectively. Ryan's paper investigates whether or not soil transport on
Mars by wind is a reasonable mechanismto lift dust into the Martian
atmosphere and be suspendedthere sufficiently long to explain the forma-
tion of the yellow clouds observed on Mars. Unfortunately, his paper was
written before the very low pressure (5 mbr) atmosphere was postulated.
He used atmospheric pressures of 80 mbr and 25 mbr respectively. However,
the wind velocities Ryan estimated to be required in order to initiate Soil
movementwas marginally in agreement at 80 mbr and greatly in excess at
25 mbr of the wind velocities estimated from observation of cloud move-
ments over the surface of Mars. In order to explain this, he suggested
that soil movementand transport into the atmosphere was the result of
local, small scale, transient disturbances of short duration which could
not be observed. Thus, the wind velocity deduced from observed cloud
movementswould be the steady long term winds in the atmospheric circulation
over the planet. This requires the existence of local cyclonic disturbances
of high intensity to provide the mechanismwhereby soil is lifted into the
atmosphere. The reasonableness of this conclusion is substantiated by
conditions observed in the earth's atmosphere, such as dust devils and
tornadoes which produce very high local winds of generally short duration.
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To add to this work by Ryan, Neubauermadea theoretical investigation of
the conditions necessary to produce such localized cyclonic systems on Mars.
This work was partly supported under the NAS-NASAInternational Graduate
Fellowship Program. The conditions necessary to produce disturbances of
this type depend on the thermal convection characteristics and temperature
gradients in the atmosphere. A basic conclusion arrived at by Neubauerwas
that conditions in the Martian atmosphereare more favorable for the forma-
tion of dust devils than they are on earth. Under the assumption that a
i00 km/hr (90 fps) wind would be adequate to initiate movementof soil
particles, he calculated that the diameter of the dust devil must be greater
than i00 meters to produce the required velocities in the Martian atmosphere.
The observation of dust devils in earth's atmosphere of these sizes is quoted.
The generalized discussion presented above does not imply that the other
references given in the bibliography did not yield useful material, but
rather, that under the limited scope of the effort involved in this task
and with the large effort applied to the other tasks, this material could
not be adequately utilized and presented in this report.
6.2 PARAMETRICANALYSIS
The remainder of this section is devoted to a brief discussion of the most
salient features of soil transport with an attempt being madeto relate
these to the planet Mars. The primary points covered in this section are
the sources of particulate material and the mechanismof soil movementas
applied to a Martian environment. At the conclusion of this section some
design approaches to passive sampling are suggested.
6.2.1 SOURCESOFPARTICULATEMATERIAL
The source of particulate material on Mars can be inferred from what has
been observed on earth and what has been thus far postulated as describing
the environment of Mars. On earth various types of particulate material
occur either on the surface or in the atmosphere. These particles consti-
tute a wide variety of materials in a wide distribution of sizes.
Most of the particles produced on earth are the products of mechanical
disintegration and chemical weathering. The dominant agent is water,
acting in both liquid and solid phases. Someparticles are produced by
the primary processes of tectonic fracturing and volcanic activity but
these processes are more fundamentally involved in the historically con-
tinuous renewal of massive parent material. Mechanical disintegration is
accomplished by the direct action of freeze-thaw cycles and glaciers,
stresses caused by thermal gradients, living organisms, and the activities
of man. These processes instantly serve to expose fresh rock surfaces to
chemical weathering. Water, acting alone or combinedwith dilute organic
acids and inorganic salts, attacks the readily soluble minerals, usually
the feldspars, and liberates the more stable oxides, dominantly quartz, as
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particles preserving their original crystal dimensions. These particles
are further chemically and mechanically modified, graded and redistributed
through the action of the rivers, the oceans and the atmosphere. Locally,
wind abrasion is an effective erosion device. Its effectiveness is a
function of wind velocity, relative hardness of the lithified surfaces, and
the amount of resistant grains available in the proper size range for use
as cutting tools. Abrasive erosion operates by selective removal of soft
crystals, grains, matrices, or layers; thereby releasing particles by
individual grain removel, etching, fluting and undermining. Manyof these
particles are swept high in the atmosphere to be deposited a long distance
from their source. In addition to the solid particles that are suspended
in the atmosphere, large quantities of chemical compoundsand water con-
dense as droplets, usually on the very small solid particles (of dust
storm, volcanic, industrial, or meteoritic origin) which act as condensa-
tion nuclei.
Mineral hydration, the inclusion of organic material, and the chemical
reactions of waters rich in calcium carbonate, silica, inorganic salts,
and iron polyhydrates may cause cementation of fine particles to form local
agglomerates and widespread sedimentary rocks.
Based on what is knownor postulated for the Martian environment, only some
of these mechanismsof particle formation are at work. It is known that
the atmosphere of Mars is very tenuous compared to earth, that very little,
if any, free water exists, and that the diurnal temperature variation is
greater on Mmrs. Thus, chemical weathering is greatly reduced and erosion
of soil by water transport does not occur. There is, however, a strong
indication that winds occur over the surface of Mars based on the observa-
tion of what appears to be clouds which obscure surface feature. Both
stationary and moving clouds or obscurations have been observed. These
have been classified as white clouds, blue clouds or haze, and yellow clouds.
The yellow clouds are generally considered to be composedof dust because of
their photometric properties and observations of a general lightening in
color of the dark areas over which a yellow cloud has existed. In terms of
passive sampling, these clouds are pertinent in that they furnish someevi-
dence that transport of soil from the surface into the atmosphere must occur.
This evidence is further strengthened by the fact that these clouds are
transient in nature, appearing in a very short period of time, spreading to
cover large areas of the surface and may persist for days or weeks. Thus,
the fundamental assumptions are made that an abundanceof particulate
material exists on the surface of Mars although not necessarily uniformly
distributed. While there may be a more abundant supply of very fine
grained material on Mars than earth, this does not preclude the existence
of a broad distribution of particle sizes as has been observed on earth.
This assumption is pertinent to the following analysis in explaining the
movementof soil on the surface of and in the atmosphere of Mars.
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6.2.2 SOIL TRANSPORTMECHANISMS
Based on the environmental conditions thus far predicted for Mars, the
only mechanismavailable to produce soil erosion is the surface winds of
Mars. Someeroding effects are possibly due to meteorite impacts; however,
the major mechanismcan only be aeolian. The transport of soil particles
by wind is a combination of the aerodynamic properties of the atmosphere
and the physical properties of the soil. For this analysis both the pro-
perties of earth's atmosphere and a 5 mbr Martian atmosphere are used.
The soil is assumedto be dry and composedof a distribution of noncohesive
grains of material with a specific gravity of 2.6; i.e., quartz-like
material.
The data presented in this section has been developed for two atmospheric
models developed by JPL designated as VM-7 and VM-8. These are both 5
millibar atmospheres differing primarily in the assumedcomposition. The
VM-7 has an atmospheric composition which is essentially 28 percent carbon
dioxide and 78 percent nitrogen while the VM-8has an atmospherewhich is
I00 percent carbon dioxide. For comparative purposes, the 25 millibar
atmosphere used by Ryan53 is also included. The basic characteristics
for each of these atmospheric models and for earth are given in Table 6-1.
Both metric and english units are given for convenience, although the
data are developed in essentially english units. The upper row of data
is metric and the lower row is english for each of the atmospheresgiven.
TABLE6-1
Earth
Mars
(Ryan)
Mars
(JPL VM-7)
Mars
(JPL VM-8)
BASIC ATMOSPHERIC CHARACTERISTICS
P
1013 mbr
2118 psf
25 mbr
52.5 psf
5 mbr
10.5 psf
5 mbr
10,5 psf
i.23xi0 "3
2.38xi0 "3
3.7xi0 "5
6.78xi0 -5
.68xi0 "5
1.32xi0 -5
I
1.32xi0 -5
T
295°K
530°R
I
230°K
415°K
275°K
495°K
200°K
360°R
i. 8x10 "4
3.75x10-7
1,5x10 "4
3 .ixl0 "7
I
1.61xlO "4
3.28xi0 "7
1.07x10 "4
2.17xi0 "7
g
980 cm/sec 2
32.2 ft/sec 2
370 cm/sec 2
12.1 ft/sec 2
375 cm/sec 2
12.3 ft/sec 2
375 cm/sec 2
12.3 ft/sec 2
The data developed in this section utilizes the equations, methods, and
data presented in Appendix F which was essentially abstracted from litera-
ture resulting from the literature survey.
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The first question which must be answered in a study of passive sampling
is the magnitude of the wind required to initiate soil movementand a
determination of the particular size range of particles which will be most
susceptible to movement. This can be done by determining the fluid threshold
velocity which is the velocity at which the forces acting on a grain of
material is sufficient to tear it loose from the surface. This fluid
threshold velocity is calculated in terms of an effective drag velocity v.
which is a measureof the steepness of the velocity gradient of a turbulent
boundary layer existing near the surface of the planet. In this analysis,
it should be borne in mind that the calculations are based on a wind
traversing a flat surface, the surface roughness of which is determined
by a uniform distribution of the dominant grain in the soil particle size
distribution. The threshold velocity is calculated as a function of par-
ticle size, which is showngraphically in Figure 6-1. It is that there is
someparticular particle size is most easily moved. As the particle size
is decreased from this most susceptible grain, the velocities required to
initiate movementare increased. This is because the surface roughness
decreases as the particle size decreases with less and less material pro-
jecting into the boundary layer. Also, the Reynold's numberas determined
by the characteristic grain diameter is low enough so that the boundary
layer ceases to be turbulent thereby eliminating the energetic turbulence
and randomvelocities at the surface. The increase in required velocity
with increasing grain size is simply a result of the fact that the mass
of the particle increases as the cube of the diameter while the surface
area on which the wind acts increases more slowly as the square of the
diameter. In noting the effect of the rarefied atmosphere of Mars, the
required effective drag velocity is not only increased but the size of
grain which is most susceptible to movementhas increased. For the 5
millibar atmospheres the required value of v.,has increased by an erder of
magnitude or more over that of earth. Wind velocity profiles were calcu-
lated for the minimumvalue of v. required to initiate grain movement.
The identifying parameters for these profiles are listed in Table 6-2.
TABLE6-2
Atmosphere
Earth
25 mbr
d microns
80
WINDVELOCITY CHARACTERISTICS
K ft
v. fps o
0.47 8.53 x 10 -6
375
VM-7 650
VM-8 4OO
i
3.33
i0.00
5.80
4.1x10 "5
7.11x10 -5
4.36 x 10 -5
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These velocities were calculated using Equation (i) of Appendix F and are
shown in Figure 6-2. The dashed curve was one derived by Ryan as the
minimum required to initiate movement; however, it should be noted that
Ryan made the assumption that the maximum particle size was equal to or
less than 50 microns and that the maximum surface roughness was composed
of some sort of protrusions 3 millimeters high distributed over the sur-
face. If the assumption is made, as it was in this study that a broad
distribution of particle size exists, the velocities shown in Figure 6-2
are the minimum required to initiate movement. The considerably lower
velocities required for the VM-8 model, which is i00 percent carbon
dioxide, can be attributed primarily to the higher atmospheric density.
If the temperature of the VM-7 atmosphere were lowered to the same value
as for the VM-8 atmosphere, the required velocity would be very nearly
tile same, if not slightly lower because of the higher absolute viscosity
associated with the mixed composition of nitrogen and carbon dioxide. It
should also be noted that some sources feel that 5 millibars are more typical
of the highlands on Mars and that the lowland pressures can reasonably be
expected to be quite a bit higher. In this event, the required velocities
to initiate particle movement would also be less but not reasonably less
than that for the 25 millibar atmosphere. The continuous surface wind speed
was defined as 220 fps for the VM-7 and VM-8 atmospheric models with peak
surface winds of 556 fps. The velocity required to initiate flow for the
VM-8 atmosphere falls within the steady surface wind thus defined; however,
some mechanism of localized high velocity cyclonic activity is required
again for the VM-7 atmosphere. Figure 6-3 gives the maximum expected
velocity in such a dust devil and the required diameter to achieve these
velocities. This data was derived by Neubauer in reference (45) of the
bibliography. He estimated that the turbulence in the boundary layer for
such a system would be higher so that about half the velocity would be
required as for a steady state wind. If such is the case, a dust devil
greater than 280 miles in diameter would be required for the VM-7 atmos-
phere.
For the sake of comparison, the dynamic pressure for the winds at i0 feet
associated with initiation of soil movement for earth was compared to the
VM-7 and VM-8 atmospheres. These values of dynamic pressure for earth
is .32 ibs/ft 2, for VM-7 is .58 Ibs/ft 2, and for VM-8 is .405 Ibs/ft 2.
The wind velocity required in the VM-8 atmosphere to produce the same
dynamic pressure as was produced by the 45 fps wind in the field tests,
described in Section 4, was also calculated and found to be 435 fps which
is approaching the peak values given for VM-7 and VM-8.
Having established the velocities required to initiate soil movement, it
is of interest to estimate the characteristics of the soil movement on the
Martian surface. The most important mechanism governing the transport of
soil is saltation since the particles traveling in this manner agitate
the surface on impact thereby initiating the mechanism of surface creep
and increasing the amount of material carried in suspension. In order to
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L
estimate the saltating trajectory for Mars, Equations (18) and (22) of
Appendix F were applied to typical values for earth trajectories. Corres-
ponding values of v, minimum and the associated particle diameter were
used in these calculations, the results of which are given in Table 6-3.
TABLE 6-3
Earth
Mars
VM-7
TRAJECTORY ESTIMATES FOR SALTATING PARTICLES ON MARS
v, d % h
50 0.17 ! 1.19 1 7
i
.47 80_ 99 i i i0.0 ! i0
50 9.5 200 21
I0.0 650_ i ....
99 51.0 I 1670 : 30
--- I
4/h ! _ ]
I8 °
6° t
3 o
2 °
Mars
VM-8
Mars
Vacuum
400_
50 5.5
99 32.3
50 0.5
99 5.25
49
410
i
3.5
52.5
! 9 6° i
It 12.7 4 °
7 8°
i0 [ 6 °
The column indicating percent indicates the percentage of the material
being transported below that rise height.
From this data it appears that the trajectories on Mars should be 1 to 2
orders of magnitude higher and 2 to 3 orders of magnitude longer. At
first glance these results appear to be unreasonable when compared to the
values obtained by ratioing the trajectories in proportion to the gravi-
tational constants, as would be the case for vacuum trajectories. However,
it should be remembered that the size particles used to make these calcula-
tions are the smallest which travel in saltation and therefore would be
expected to behave more like they are in suspension in the flow. A much
more detailed analysis is required to determine the true nature of the
interaction between the wind and the saltating grains. The larger grains
in movement would probably approach that predicted on gravitational effects
alone. The percentage of material being transported below a given rise
height is shown in Figure 6-4. The solid curves for Mars were calculated
from data for earth conditions as determined by Chepil II. The dotted
curve represents the distribution weighted to reflect the tendency of
the larger particles to be influenced more heavily by gravitational effects
rather than aerodynamic. Whether or not this is actually the case can only
be determined with a much more elaborate analysis, but should be qualita-
tively correct in describing the characteristics of the saltating dust cloud
on Mars. From this it is seen that the maximum height of the saltating
cloud can be expected to be in the order of 30 feet but will be much less
dense by virtue of the larger volume occupied. Also, it can be expected
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that the cloud will be relatively moredense near the surface on Mars than
on earth.
The final characteristics of soil movementon Mars are determined from
the quantity of soil being transported in the various modes. Judging from
Figure F-9 and F-10 in Appendix F, a reasonable division of soil trans-
ported in the three modescan be estimated as follows. Onefifth of the
quantity transported in saltation movesby surface creep and one half the
quantity movedby saltation is carried in suspension in the flow for a
soil with a wide particle size distribution. The total material trans-
ported is then
q = qc + qss + qs = "2qs + "5qs + qs = l'7qs
For a highly graded soil with a narrow deviation, such as sand, Bagnold
found that the material carried in suspension is negligible• The total
material transported for this type soil is then
q = "2qs + qs = l'2qs
Equation_3) of Appendix F gives the total material transported in saltation
as
2
q = 8/10 0v, .
From this equation the total soil transported on Mars can be estimated.
The values are tabulated in Table 6-4.
TABLE 6-4
Earth
Mar s
VM- 7
Mars
VM-8
ESTIMATED QUANTITY OF SOIL TRANSPORTED ON MARS
r
v. _ qs qss
fps slug/ft 3 gm/ft/sec gm/ft/sec
.47
I0.0
i 5.8
2.38 x 10 -3
-5
1.32 x i0
2.56 x 10 -5
.19
.31
•04
.i0
.06
qc
gm/ft/sec
.i0
.24
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From this data it can be seen that the total soil load carried in a storm
is slightly greater than on earth; however, the average particle density
per unit volume is less by virtue of the increased soil cloud height. In
the saltation mode the average density for earth is .19 gm/ft2/sec while
for both the Martian atmospheres it is .01 gm/ft2/sec. Thus, if a passive
sampler designed to collect saltating particles with an opening of 2 by 2
inches is used, it would collect soil at an approximate rate of about
3 x 10 -4 grams per second or 1.08 grams per hour. About half this amount
would be carried in suspension, but these particles are not as easily
trapped since they tend to follow the flow more closely than do the
saltating particles. Some of this material could be collected if the wind
carrying them were to die out in the area where the sampler is located.
The particles would eventually settle out of the atmosphere and could be
collected on a flat horizontal surface. The quantity that could be col-
lected in this way is more difficult to estimate since it involves assump-
tions and knowledge of the dispersion of the cloud with altitude and
distance traveled. If no dispersion is considered and all the particles
fall vertically when the wind ceases a total sample of 3 x 10 -4 grams per
square foot could be expected. Thus, this method of collection would not
be very fruitful.
At this point it is of interest to discuss the possible grading of a
Martian sand. It is noted that the lower cutoff in particle size cor-
responds very closely with the minimum for v, in the fluid threshold
velocity curve. This would put the lower limit of particle size in a
Martian dune sand near 200 to 300 microns. The upper size limit is deter-
mined by the impact threshold velocity. Thus, this limit is established
by the excess wind over v, minimum. It has already been established that
such high velocities are required on Mars that a mechanism of wind genera-
tion producing much excess velocity does not seem likely. Thus, the upper
limit of particle size should be near that associated with v, minimum. A
good estimate for the maximum sand grain size would be 600 to 700 microns.
This distribution is shown in Figure 6-5.
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FIGURE 6-5. ESTIMATED MARTIAN SAND PARTICLE SIZE DISTRIBUTION
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Based on this estimate, the mean grain size on Mars would be slightly
larger than 400 microns and the deviation would be narrower than for the
counterpart on earth.
6.2.3 PASSIVE SAMPLER DESIGN APPROACHES
The preceding analysis, although limited, provides material which suggests
some design approaches which are presented in this section. It should
be noted that the preceding analysis did not attempt to assess the fre-
quency of occurrence of dust storms that could occur in the vicinity of a
landed payload. This is a subject requiring much more extensive effort
and is subject to even greater extrapolations of the conditions which
might exist on Mars. The possible simplicity and light weight of a pas-
sive sampler makes it worthwhile to consider such a sampler as an impor-
tant part of a landed payload even though the probability of a dust storm
occurring during the life of payload for any given mission may be low.
From the parametric data generated in the preceding section it is evident
that the most useful sampler would be one to collect soil particles being
transported by saltation. A schematic sketch for such a sampler is shown
in Figure 6-6. This sampler could be incorporated in the design of a
mechanically extendable mast simply by the addition of an annular entrance
shield inclined to correspond with the expected path of the saltating
particles at the end of one or more of the telescoping segments. Particles
that behave in this manner are large enough so that their inertia can carry
them across the streamlines of the fluid flow. Those particles which
impact the internal structure lose their energy and are collected in the
funnel from which it is free to fall down the interior of the vertical mast.
It should be pointed out here that the petri dishes placed about 20 feet
in front of the wind generator in the field tests were filled in a matter
of seconds, indicating that elaborate or sophisticated design of the
entrance area of the trap is not required. The approach suggested here is
annular and would therefore be omni-directional in its collection charac-
teristics obviating the necessity of orienting the sampler.
A passive sampler to collect material carried in suspension is more diffi-
cult. As indicated in the preceding section, collection of fallout from a
dying storm is not expected to be very fruitful in terms of size of sample;
however, a sensitive experiment might be designed to take advantage of
this phenomena. Alternatively, if a small cyclone collector is mounted so
that it can orient the inlet into the wind, the opportunity to collect
almost as much sample as by saltation exists if the surrounding area has
a soil with a wide particle size distribution. This could be mounted on
top of an extendable mast which might be used for other purposes as well.
More detailed investigation might prove the possibility of designing an
annular omni-directional inlet for a cyclone collector eliminating the
need for the rotating seal and wind vane thereby improvingthis sampler's
reliability. Other mechanisms for separating these particles are possible
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such as a filter through which the air flows or a settling chamber in which
the velocity is suddenly reduced allowing the particles to settle out.
In the first approac_ consideration must be given to eventual choking of
the filter. In the second approach, the dwell time in the settling chamber
must be sufficiently long with a low enough velocity so that the particles
have time to settle out.
A sampler collecting a sample being transported in surface creep must of
necessity be located at the surface. This could be a simple ramp like
surface on a footpad of the spacecraft up which the material could flow
and eventually fall into a cavity. The slope of this ramp must of neces-
sity be small enough so that the grains can gradually progress up it. While
collection of a sample by this mechanism is not as attractive as the other
modes, an interesting point should be noted. That is that a spacecraft
could eventually become buried or partly covered if it lands on a sandy
surface by the accumulation of this material.
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SECTION7
CONCLUSIONS AND RECOMMENDATIONS
This section presents conclusions from the testing conducted in this
program. These conclusions are presented in three subsections which cover
sample acquisition and transport, the mechanical operation of the sampler
mechanisms, and finally some design recommendations.
7.1 SAMPLE ACQUISITION AND TRANSPORT
It is relatively simple to build a sampler mechanism to sample a specific
soil. A general purpose sampler that will sample a variety of soils is
much more difficult to construct because of the wide variety in soil types
and structures. For example, none of the samplers tested was able to obtain
useful samples from the aa basalt and pahoehoe basalt. It is probably true
that samples can be obtained from this type of surface with a sampler
specifically oriented toward this task. The constraints governing the
acquisition mode of such a sampler will be determined by the end use of
the sample. An experiment aimed at biological analysis would demand that
the sampler be a surface sampler. The requirements of a geological sampler
would be more reasonably satisfied with a rock drill. Some specific con-
clusions are set forth as follows:
(l) There is a critical particle size for each mechanism
which will cause the probability of a malfunction
occurrence to rise sharply. This critical particle
size can usually be related to a characteristic
dimension such as the depth of the helical screw,
the width of the scoop, or the clearance between
the wire brush and its shroud.
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(2)
(3)
(4)
(5)
(6)
(7)
(8)
Critical particle size effects can be minimized
by placing the point at which particles are
rejected as near the inlet as possible. The
inlet should be followed immediately by a
rapidly diverging sample transport path to
provide adequate clearance for the ingested
particles during the remainder of the transport.
Sample acquisition is enhanced when the sampler
has the capability to traverse over the surface.
On irregular surfaces traversing presents the
sampling head with a higher probability of
encountering a favorable sampling situation.
Sand is most easily sampled because it is non-
cohesive with rounded grains. The composition
is very regular with a fairly small mean grain
size and a very low standard deviation.
Active samplers which mechanically abrade or dig
the surface will collect larger samples on a
larger variety of surfaces.
Pneumatic transport of soil samples can result
in some sort of grading, usually by separating
the fine material from the coarser. It appears
that sorting in the collected sample can be
minimized if the pumping source is located near
the point of pickup ahead of the transport tube
and the cyclone collector. This is suggested by
the fact that the material discharged from the
effluent of the cyclone collector for sampler 2 was
much less significant than the material discharged
in the effluent of sampler I0. The pumping source
for sampler 2 is located at the pickup head while
it is located at the outlet to the cyclone collector
for sampler i0.
Sample transport is an important, but difficult
to mechanize, part of the sampling system. Many
of the problems encountered were with this portion
of the sampler rather than the actual acquisition
head itself.
The effect of wind on sampling was not severe for
any of the samplers tested in this program. In
most cases it did not prevent or seriously degrade
collection.
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(9) The fundamental soundness of the design approach
for the VCS sampler was established in the test
program. It was possible to complete a very large
number of runs consistently with very little major
mechanical difficulty; however, a different sampling
head design is needed for irregular rock surfaces.
The wire mesh sieving screen can be eliminated for
this sampler. Adequate particle size control can
be achieved by adjusting the width of the sampling
head exit slit.
(i0) The wire brush sampling head concept appears
promising for a large variety of surface textures.
Additional refinement of the wire brush and shroud
is required to reduce susceptibility by janlning
from pebbles in the 2 to 4 millimeter size range.
The boom deployment system used with this sampler
is inadequate; however, the use of a telescoping
boom appears to be workable if some means other than
pneumatic extension is used.
(ii) The development of a passive sampler is feasible.
The most promising approach is to sample material
being transported by saltation. The probability of
frequency of occurrence for dust storms was not
established; however, the simplicity of a passive
sampler warrants the consideration of including such
a sampler on an unmanned surface probe. This is
particularly true for the longer lifetime missions.
7.2 MECHANICAL OPERATION
The fundamental conclusion arrived at in this program is that comprehensive
testing of a sampler required a larger number of runs to obtain statisti-
cally reliable data. This is difficult to achieve in breadboard or
engineering prototype mechanisms, particularly where shortcut fabrication
methods and substitute materials are used.
Field testing is an important part of evaluating a sampler mechanism since
it is difficult to synthesize a laboratory soil model that is not biased.
Artificially prepared materials such as the basaltic silt made by grinding
basalt rock will exhibit characteristics that are not necessarily typical
of soils formed naturally on earth. Some specific conclusions on the
operation of the sampler mechanism are offered as follows:
(l) To properly evaluate a soil sampler mechanism,
duplicate models should be fabricated or
replacement parts furnished so that each new
7-3
soil model is tested with a fresh sampler. This
would eliminate ambiguities in the results caused
by the carry over of wear or damage from tests in
different soil models.
(2) The initial fabrication of a breadboard or
engineering prototype should subordinate the
criterion of achieving low weight to functional
integrity. Mechanical failure in many instances
either produces ambiguous data or prevents the
proper evaluation of the mechanism because of
incomplete testing.
(3) Biasing of the sampler's operation by external
manipulation while the test is in progress should
be minimized by the use of strictly defined
operating procedures to be used by the test per-
sonnel. This is particularly true where the
mechanism is incapable of performing a complete
sampling cycle automatically. The use of control
panels improves the consistency of the operating
sequence.
7.3 BIOLOGICAL EFFECTIVENESS EVALUATION
Biological data must be correlated with the mechanical performance of the
soil samplers in each soil type. The soil sampler acquisition and trans-
port modes, and differences in the soil particle size distribution in
sampler-collected and control specimens influence the number of viable
microorganisms per gram of soil collected. Samplers which preferentially
collect soil fines without mechanically degrading the soil may collect
significantly greater numbers of viable microorganisms than samplers which
reject fines, collect gross samples including pebbles and cobbles, or
degrade the soil so that microorganisms are killed during sample collec-
tion.
Conclusions concerning the biological and biochemical effectiveness of the
soil samplers are generally based on data obtained from only one soil sample
collected in a particular soil type. The scope of the program minimized
assays on replicate samples which would have provided ranges of data values
for selected samplers in each soil. Nevertheless, effects were noted which
related micrbbial count data to the properties of the soil samplers and
the capability of particular sampler mechanisms to collect sufficient
material for quantitative and qualitative assay.
(i) Viable microorganisms were cultured from trace
quantities of dust collected from the surface of
basalt by pneumatic acquisition. Qualitative
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(2)
(3)
(4)
(5)
(6)
detection of microorganisms may be accomplished
with greater sensitivity than detection of bio-
chemical substances unless these tend to accumulate
in the soil as materials which are refractory to
decomposition.
Soil samplers with pneumatic acquisition and transport
features may collect mierobiologically enriched soil
specimens since microorganisms are associated with
particle surfaces and the surface area of a mass of
fine particles is substantially greater than the
surface area of an equal volume of coarse particles.
Aerodynamic sorting can, however, result in collection
of large diameter, light-weight particles.
Abrasion of soil during sample acquisition did not
significantly reduce the microbial counts. Viability
data must be correlated with sampler selectivity in
collecting soil particles. The deep abrading cone
sieve, for example, selectively collects soil with
the peak or mean grain size at i00 microns. Numerous
microorganisms might be destroyed during sample
acquisition. The vertical cone sieve sampler appeared
to destroy organisms in sand during soil acquisition.
Soil samplers which favor particle abrasion during
soil transport would probably effect a reduction in
viable organisms. The helical conveyor sampler
reduces the viable population in sand, but lower
counts were not observed in a compacted cinders trial
with this sampler. Metallurgical contamination by
wear of sampler parts was not determined.
Significant differences in collection of carbon were
not noted among samplers in any soil model.
The Allison wet-combustion method for carbonate and
organic carbon assay appeared to require more than
5 mg of organic carbon in the soil specimens for
assay precision. Although 2 g of several desert soils
were adequate for a reliable assay, at least 15 g
of several other desert soils appeared to be necessary.
(7) Pneumatic acquisition of soil appeared to favor
enrichment of the alpha-amino nitrogen content in
the collected soil. The specimens of desert soil
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assayed generally contained less than 0.02 percent
alpha-amino nitrogen.
(8) The deoxyribose analysis presented problems in
applying the technique to soils. The data were not
useful in evaluating soil sampler performance.
7.4 RECOMMENDATIONS
Based on the conclusions presented in the preceding paragraphs, several
recommendations can be made which are pertinent to the development of
advanced soil sampling technology as applied to unmanned planetary surface
probes. These recommendations cover the mechanical design of samplers,
testing of samplers to determine sample acquisition performance, and the
biological evaluation of samples collected by a sampler mechanism.
(1) The design of a soil sampler mechanism should
consider concurrently the sample acquisition and
the sample transport mode. Independent development
of these component parts of a system does not
ensure compatibility or successful performance when
they are brought together.
(2) Further development of deployment and continuous
sample transport mechanisms should be pursued. The
results of this program indicate that several of these
concepts can not only be made to operate more reliably
but that certain inherent attributes can be utilized
to enhance sample acquisition. It is felt that
design improvements can be made in the closed flow
pneumatic transport, the helical conveyor, and a
mechanically deployed adaptation of the telescoping
boom which would eliminate most of the problems
encountered in this program and at the same time
provide components which represent a contribution
to soil sampling technology for automatic remote
sampling.
(3) Design specifications for soil sampler development
should be carefully formulated identifying the
primary function of the sampler with qualifications
in terms of meeting secondary requirements or uses.
(4) Testing and comprehensive evaluation of a soil sampler
is complex and time consuming. Test programs should
be planned in such a way that the task of accomplishing
the tests, reducing the data, and analyzing the data
does not become overwhelming. Careful consideration
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(5)
(6)
(7)
(8)
should be given to the number of samplers tested,
the number of different test sites used, and the
number of replicate runs that are to be made. Also,
the testing team should be large enough so that
specific job assignments are made. Sampler operation,
data recording, and field logistic operations occur
to some extent concurrently. These functions should
not be attempted simultaneously by any given team
member. Also, simultaneous testing of samplers
should be avoided if the team is not large enough
to provide duplicate crews.
Assay procedures for biochemically important sub-
stances of microbial origin must be upgraded to
improve sensitivity, specificity, and ease of per-
formance. Techniques for separating or concentrating
these materials from soil should be investigated.
Soil samplers which exclusively collect particles in
the optimum surface to volume size range for acquiring
organically-enriched soil may be useful. Large mineral
grains and pebbles may limit the utility and interpre-
tation of biological and biochemical assays. It may
be desirable to consider sample acquisition mechanisms
which incorporate this feature effectively.
Definitive comparison of the biological effectiveness
of soil samplers in field testing may require exclusion
of gross biological debris from the terrestrial soil
specimens prior to assay for specific biochemical
properties. The significance of this plant, animal,
and insect material should be established.
Although all soil samplers in this study collected
viable microorganisms it is not known whether certain
types of microorganisms are destroyed during soil
collection. The most resistant forms may predominate
in soil collected by samplers in which particle abra-
sion occurs. Use of selective culture media and
several incubation temperatures may provide important
data for biological effectiveness evaluation.
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